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The object of this work is to offer a clear and popular scientific 
account of the facts, principles, and laws which influence our life, 
health, and comfort, as dwelUrs in houses. It will hare an immediate 
practical bearing upon the management of domestic affairs, and the 
course of domestic life; and is also designed to aid in awakening au 
intelligent and increasing interest in the place of family concourse. 
The work is the result of much study, thought, and experiment, and 
will afford a more entertaining and useful view of this important 
subject than any other book yet offered to the public 

It will embrace several departments, viz : 

1. Hkat. — ^Extent of its influence — ^its rarioutf kinds of movement 
— ^its physiological effects— its sources — ^properties and values of fud 
— ^various modes of producing and diffiismg neat. 

2. Light. — ^Properties and motions — supposed nature — source and 
composition of colors — ^laws of their harmonious arrangement — ^how 
they affect the eye — how they influence each other — artificial light, 
its various sources — ^mechanism of the eye — ^how it is affected by arti- 
ficial light— diseases resulting — ^management of artificial light. 

8. Air. — Composition — ^influence of each of its elements upon man 
—various sources of its impurity in the dwelling-Hrate of its contam- 
ination there — diseases resulting from impure air — ^its removal — 
ventilation. 

4. Aliment. — Composition and properties of the various alimentary 
substances — culinary implements — culinary changes of food — ^its pre- 
servation — physiological effects of food — its course of digestion — ^now 
it contributes to warmth— how it produces strength — ^ite final desti- 
nation — influence of special aliments — nutritive value of food — the 
vegetarian question — considerations of diet. 

5. Cleansing. — Agents employed for the purpose — their properties 
and effects — cleansing by mecnanical and chemical means — air, water, 
and various household objects. 

The Hand-book of Household Science is very copiously illus- 
trated with new and original designs, and well adapted to follow 
the present class-book, and also for universal reading. 
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This chart, which is adapted to the Author's Class-Book, accom- 
plishes for the first time, for chemistry, what maps and charts have 
long done 'for geography, geology, astronomy, d-c, by presenting » 
new and valuable method of iUustration. Its plan is to represent 
chemical composition to the eye by colored diagrams, so that the 
nomerons facts of proportion, structure, and relation, which are the 
most difficult in the science, are presented to the mind through the 
medimn of vision, and may thus be easily acquired and long retained. 
The want of such an aid has been long felt by the thoi ghtful 
teacher, and no other scientific publication that has ever emanated 
from the American press has met with the universal favor that has 
been accorded to this chart. It is invaluable as an assistant to 
public lecturers, to teachers in class-room recitation, and for refer- 
once in families. The new edition is five feet by six in size, on 
beautiful paper, and represents more than a hundred of the most 
important chemical substances, by means of nearly a thousand dia- 
grams in sixteen different colors. That it may be Drought within 
the* reach of schools, it is sold at the low price of Five Dollars, 
being the cheapes* chart, considering its cost, that is published in 
the United States. 



TOUBffANS' ATLAS OF CHEMISTRY. Pbice $2. 

The Atlas employs the same mode of illustration (in book form) 
as is empl(^ed in the " Chemical Chart.** The application of the 
diagrams is here much extended, occupying thirteen plates in six* 
teen colors, and accompanied by 100 quarto pages of beautifully 
printed explanatory letter-press. It is a chart in a portable and con- 
venient form, containing many of the latest views of the science which 
are not found in the text-books. It is designed as an additional aid 
to tiBchers and pupils, to be used in connection with the author^s 
olass-book, or as a review, and for individuals who are studying alona 
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PBEFACE. 



Tnx present yolume is designed as a popular introduction to the 
•tudy of Chemistry. It aims t» present the subject in such a manner 
as to win the attention and engage the interest of beginners, and ia 
especially adapted to the wants of that large class, both in and out 
of school, who would like to know something of this interesting sci- 
ence, but have neither leisure nor opportunity to pursue it in a de- 
tailed and experimental way. As such will necessarily be more 
concerned to know what fiEUSts, principles, and results have been ar- 
rived at by chemical research, than to trace the routes by which they 
were reached, or the operations by which they may be oonfirmedi 
the following pages will be found chiefly occupied with the ezplana* 
tion of established principles, and their application to the most prac- 
tical and familiar affairs of common life. 

The department of Physics, which considers light, heat, electricity, 
and magnetism, has been left to Natural Philosophy, where it prop- 
erly belongs and is always treated. Its introduction into Chem- 
istry involves a repetition of topics in the two branches of study ; 
and, in a volume of moderate size, it crowds out much useful matter 
which ought, on no account, to be spared. A knowledge of these 
agents is of course important to the chemical student, but so is that 
of mechanics and mathematics. In leaving each to its appropriate 
teacher, the example of some of our latest and best authorities has 
been followed. Descriptions of those chemical substances which are 
not frequently met with, as the rarer metals, are entirely omitted^ 
and directions for making experiments have been much condensed. 
Experimental demonstrations, if not resorted to merely to captivate 
the senses by their alluring brilliancy, are highly useful ; but they 
are always accompanied by the oral instructor, and should therefore, 
to a great extend speak for themselves. It is entirely impossible 
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in the present advanced state of the science, to embrace in a popu- 
lar school-book both that information which learners generally re- 
quire and also directions for a course of experiments sufficiently mi- 
nute to be valuable. In order, for example, to unfold with any thing 
like clearness the august part which oxygen gas plays in the scheme 
of nature, it has been necessary to abridge the account of the various 
processes by which it may be prepared. Where experiments are 
given, the lecturer will supply this branch of instruction ; where they 
are not to be had, it is superfluous. 

Space has been thus afforded to consider the practical and useful ap- 
plications of the science, in which all are interested, with greater fulness 
than is customary in text-books for sct^oola. Organic Chemistry, both 
vegetable and animal, embradng much of agriculture, domestic pro- 
cesses, dietetics, the physiology of digestion and respiration, ventila- 
tion, the effects of alcohol upon the human system, and the relations 
of the vegetable and animal world to each other, and to the atmos* 
phere, has been brought forward into that prominence which its ob 
vious importance demands. If there should even be found repetition 
upon some of these points, the excuse must be a desire to impress 
certain great principles deeply upon the mind, rather than to encum- 
ber it with a mass of details, which, in most cases, are forgotten as 
quickly as they are acquired. By treating of familiar things, and 
presenting facts and truths alike valuable and entertaining, in a style 
free, as &r as possible, from technicalities on the one hand and puer- 
ilities on the other, the author has endeavored to adapt the work to 
fireside reading as well as class-room study. 

There is an idea prevalent that Chemistry is one of those dry and 
difficult subjects which belong exclusively to professors and lecture- 
rooms, and which cannot be invested with popular interest, or suc- 
cessfully taught as a branch of common education. How a science 
which gives law to nearly aU the processes of human industry, con- 
nects its operations with our daily experience, involves the conditions 
of life and death, and throws light upon the sublime plan by which 
the Creator manages the world, can be regarded as lacking the ele 
ments of universal interest, it is not easy to imagine. That it is gen- 
erally looked upon as difficult, may be readily accounted for. The 
science is so recent in its development, and diemists have been so 
much occupied in the field of original research, that but little has 
been done to popularize it. Books adapted to elaborate courses of 
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experimental instnictioD, with expensive apjiaratua, and Bhowing 
how all the facts of the science may be confirmed, have been put 
into the hands of those who have neitlier time nor means for experi- 
mentinfr with about the same propriety that the higher mathematics 
might be introduced into common schools to verify the truths of 
astronomy. That it should be considered " hard" is, therefore, quite 
natural But to suppose there is any thing in the nj^ture of the sub* 
ject peculiarly difficult, is an error. The fundamental laws of Chem 
istry are as definite, as clear and simple, and as capable of being 
understood by juvenile minds, as those of numbers, which are taught 
in every primary school. The general notion that it is, pre-eminently 
a science of hard words and intricate principles, has arisen from the 
want of those facilities for rendering the subject lucid and attractive 
which have been employed with such effect in other branches of 
study. 

In order to supply this want, and place Chemistry upon the same 
favorable basis, in regard to simplification, with Geography and 
Astronomy, the Autlior has prepared a Chart by which the great 
principles of chemical combination, which constitute the groundwork 
of the science, are accurately and beautifully represented to the eye 
by means of colored diagrams. The numerical laws of quantity, by 
which all chemical combination is governed, are eminently adapted 
to the diagramatic method of illustration, and it seems equally natu- 
ral that a diversity of elements in compound substances should be 
indicated by variety of colors. In proportion as tlie objects of our 
inquiry are removed beyond direct observation, or, from their nature, 
do not admit of inspection, tliere arises a necessity for the use of rep- 
resentatives and symbols. Such, in a marked degree, is the fact 
with Chemistry. It deals constantly with atoms, their laws, prop- 
erties, and relations, but these atoms are beyond the sphere of the 
senses, and it is as impossible to convey a distinct idea of their hab- 
itudes without some form of visual representation, as it would the 
geographical situation of countries, or the distribution* of the planetsL 
The laws of combination must be learned at the threshold of the 
subject ; and no progress can be made unless these are perfectly un- 
derstood. By tlie use of the Chart the acquisition of this formidable 
portion of the science is changed from tedious task-learning to agree- 
able pastime. The success of this method of simplifying the subject 
has not only been attested by the most distinguished chemists and 
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edacat<Nr8 of the country, but practically demonstrated by numerooa 
teachers and lecturers. It may not be improper to state that the 
Chart was devised while the Author was in a condition of blindness, 
during which, for a long period, he was cut off from the use of dia- 
grams and figures as aids to study. The necessity and value of these 
means of illustration were thus brought forcibly to his attention, and 
it became apparent that those who have the perfect use of vision 
lose much by not employing them more extensively. Although 
adapted to the Chart, the present work may be used without it with 
the stole advantage as any other class-book. No pains have been 
spared to give the latest authentic facts and views of the science, and 
the most standard authorities have been consulted in its preparation. 
In the department of Physiological Chemistry the Author would ac- 
knowledge especial indebtedness to the labors of Professor Draper 
and Dr. Carpenter. He would also express his obligations to Dr. S. 
M. Elliott and J. B. Burdsall, Esq., for valuable assistance in the 
preparation of the present work. If his efforts shall have the effect^ 
in any degree, of promoting a popular interest in Chemistry by pre- 
senting the subject in a more attractive aspect, the Author's highest 
object will have been attained. 

New Yoax, Sbtt. 18SL 
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INTRODUCTION. 



The importance of a knowledge of Chemistry to cacli 
person, its value to yarions classes of society, and the ne- 
cessity of making it a fimdamental branch of popular edu- 
cation, will be apparent from the following considerations. 

The physical system of every human being may be looked 
upon as a chsmiccU laboratory, in which exactly the same kind 
of changes are carried on as are produced by the working 
chemist in his shop, and by means of similar instruments ; 
the main difference being, that here, as elsewhere, the ope- 
rations of art are coarse and bungling compared with the 
matchless perfection of nature. The chemist finds it neces- 
sary to dissolve all solid substances ; that is, to bring them 
into the condition of fluids, in order to separate the various 
elements of which they may be composed. For a like rea- 
son, in order to separate the nutritious from the innutri- 
tious portions of food, it must first be dissolved or digested 
in certain cavities or vessels of the body, provided exclu- 
sively for the purpose. The chemist in his laboratory 
makes use of knives, rasps, and mortars, to cut, pulverize, 
and grind down the substances which he wishes to dissolve. 
The teeth in man perform a similar work ; the incisors (front 
teeth) cut, the molars (double teeth) crush the food which 
is to be digested within the system. The principal sub- 
stances which the chemist uses to bring solids into the state 
oi solution ai*e acids, such as vinegar and oil of vitriol ; and 
alkalies, such as potash or soda. Precisely the same agents 
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are employed by nature in the living laboratory. Tlie juice 
of the stomach is acid, while that poured into the intestines 
is alkaline ; and the class of foods which is not acted upon 
by one is dissolved by the other : in both cases that which 
is capable of forming blood is separated from that which is 
not. To aid and hasten chemical action, the operator stirs 
and agitates the mixtures in his vessels. For a similar pur- 
pose, to facilitate digestion, the food in the stomach is kept 
constantly in motion by a peculiar action of that organ. 

This parallel may be much further extended by those who 
are acquainted with Chemistry and Physiology ; showing that 
the animal system has for one of its great objects, to effect 
just the same kind of changes in matter which the chemist 
produces by artificial means. 

Nor are the chemical operations of the living body carried 
on upon an insignificant scale ; their extent is even more re- 
markable than the nice adaptations of the mechanism by 
which they are conducted. A man of average size, in the 
course of a single year, introduces into his system from eight 
to nine hundred pounds of solid food, above eight hundred 
pounds of oxygen gas, and three-fourths of a ton of water ; 
making altogether upwards of three thousand pounds of mat- 
ter. The solid and liquid elements contained in the blood are 
carried through the liings by means of the great circulation 
at the rate of very nearl}' ten poimds per minute, which is equal 
to the enormous quantity of twenty-five hundred tons in the 
course of a year. The chief object of this perpetual circulation 
of the blood is to bring it into contact with atmospheric oxy- 
gen, by which it undergoes a very important chemical change. 
To effect this, no less a quantity than twelve thousand hogs- 
heads of air are introduced into the lungs annually. Incredible 
as these statements may appear to those not familiar with the 
subject, they nevertheless rest upon numerous and accurate 
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experiments, and are among the established facts of chemical 
phyBiology. 

As man is thus, Jrom necessity and by nature, a chemist^ 
his bodily system being a chemical apparatus, and each act 
of eating, drinking, breathing, and digestioti, a chemical ex- 
periment ; and as thin chemical action goes on at a rapid rate, 
involving the conditions of health and disease, and never 
ceasing for an instant from birth to death, it is certsunly proper 
that he should imderstand something of a science of which 
he is himself so complete and wonderful an illustration. Few 
subjects can compare, either in interest or importance, with 
that which informs us of what our physical being is com- 
posed, the character and object of those remarkable changes 
which incessantly take place within us, and the nature of 
our relations to the surrounding world. Physiology, which 
teaches the structure and uses of the various parts of the 
himian body, is pursued as a regular branch of study in a 
great niunber of schools ; it should be in alL But physiology 
is in a large measure dependent upon chemistry for the ex- 
planation of its principles ; and the discoveries of every suc- 
ceeding year tend to make that dependence more and more 
complete. 

Chemistry possesses also great interest from its application 
to the arts of daily life. It is the object of industry in acting 
upon the outward world to produce two classes of changes 
in the materials whish it employs. The first are mechanical 
changes, which influence only ihe forrM of matter, as in the 
operations of cabinet-making and cotton-spinning : the second 
are chemical changes, wrought in the nature of the substances 
used, and altering their properties, as in glass-making and 
tanning. In both these cases the changes which take place 
are governed by certain fixed principles or laws, to which 
tbe workman must conform if he would operate successful^. 
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The principles ci mecbanics, taught by natural philosophj, 
are quite generally understood ; indeed, as this science con- 
aders only the relations of mauea of matter which readily 
strike the senses, it was very naturally investigated earlier, 
and has always been a more popular study than Chemistry 
which inquires only concerning the relations of invisible atoms. 
Yet the laws which control chemical action are as unchange- 
able as those which hold the planets in their places ; every 
kind of matter is subject to them, and no vocation in which 
they are concerned can be pursued to the best advantage 
unless they are clearly understood. The farmer, the miner, 
the metalur^t, the paper-maker, the bleacher, the dyer, the 
druggist, the soap-muiufacturer, the painter, and innumerable 
other craftsmen, are constantly acting upon chemical sub- 
stances— Ksonstantly dealing with chemical laws — and hence, 
it is clear, require to know what they are. The greatest 
economy of process and perfection of product can only be 
obtained where the principles of a manufacture are distinctly 
comprehended. In such case the skilful operator is enabled 
to work with the natural laws, and not against, or regardless 
of them. It is said that in civil affairs it is always best to 
keep the law on our side, but in dealing with nature this is 
vastly more important ; because when natural laws are vio- 
lated there is no such thing as escaping the penalties. 

A most instructive illustration of the effect of neglecting 
chemical principles, while those of mechanics are thoroughly 
understood and applied, is afforded by the present condition 
of the United States Capitol at Washington. The architect- 
ural beauty and mechanical excellence of that edifice are 
well known ; but the freestone (sandstone) of which it is con- 
structed was selected without due attention to its chemical 
and physical properties, and is totally unfit for its purpose, 
being rapidly acted upon and crumbled to dust by the commoa 
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atmospheric agents. This destructive process lias been par« 
tially arrested by the free use of paint ; but the Secretary of 
the Interior has informed Congress that this expedient is 
mefifectual, and that unless scientific men come to the rescue, 
and invent some new preparation, which, by being applied to 
the stone, shall completely protect it from the action of the 
air, the whole structure will be reduced to a mound of sand 
mpfM' fifth the time that it would last if built of common 
marble.* It is thus seen that chemical principles are involved 
even in avocations most piu*ely mechanical ; so that the best 
reasons exist for making them objects of universal study. 

Among the various occupations which require a knowledge 
of this science to be successfully carried on, that most noble, 
useful, and imiversal of all human pursuits, agriculture, 
stands prominent. The farm is a great laboratory, and all 
those changes in matter which it is the farmer's chief business 
to produce are of a chemical natiu*e. He breaks up and 
pulverizes his soil with plough, harrow, and hoe, for the 
same reason that the practical chemist powders his minerals 
with pestle and mortar; namely, to expose the materials 
more perfectly to the action of chemical agents. The field 
can only be looked upon as a chemical manufactory ; the air, 
soil, and manures are the farmer's raw materials, and the 
various forms of vegetation are the products of manufacture. 
The farmer who raises a bushel of wheat, or a hundred weight 
of flax, does not fabricate them out of nothing ; he performs 
no mii-aculous work of creation, but it is by taking a certain 
definite portion of his raw material and converting it into new 
substances through the action of natural agents ; just as those 
substances are again manufactured in the one case into 
bread, and in the other into cloth. When a crop is removed 

* The Unitod States Patent OiBoe and Treasury Bailding are constracted of tbe 
saioe materiaL 
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from the field, certain substances are taken awaj from the 
ground which differ with different kinds of plants ; and if the 
fimner would know exactly what and how much his field 
loses by each harvest^ and how in the cheapest manner that 
loss may be restored. Chemistry alone is capable of giving 
him the desired information. To determine the nature and 
properties of his soil, its adaptation to various plants, and 
the best methods of improving it ; to economize his natural 
sources of fertility ; to test the purity and value of commercial 
manures, and of beds of marl and muck ; to mingle composts 
and adapt them to special crops ; to improve the quality of 
grains and fruits ; to rear and feed stock, and conduct the 
dairy in the best manner, farmers require a knowledge of this 
science. Nor can they, as a class, much longer afford to be 
without it ; for it has always been found that the application 
c^ scientific principles to any branch of industry puts power 
into the hands of the intelligent to drive ignorance from the 
field of competition; so that as discoveries multiply, and 
information is diffused, those farmers who decline to inquire 
into the principles which govern their vocation, or who prefer 
the study of polities to that of agriculture, will have occasion 
to groan more deeply than ever over the unprofitableness of 
their business. 

As agriculture in this coimtry has no established system 
of collegiate education, such as is possessed by the other pro- 
fessions, the rudiments of those sciences upon which it 
depends should be communicated to the young in common 
schools and academies throughout the land. It is not 
expected that Chemistry can be taught in a full and com- 
plete manner in ordinary schools; but very much of its 
general principles may and should be inculcated there, so that 
if higher advantages are not subsequently afforded to the 
pupi^ he will be enabled to pursue the subject privately, in 
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whatever application of it his business may chance to te- 
quire. 

There are also potent reasons why Chemistry should be 
embraced in a liberal system of mercantile education. The 
extent to which a vast variety of commercial articles are adul- 
terated, for fraudulent purposes, and thus greatly deprecia- 
ted in value, is little suspected by those unacquainted with the 
facts. These gross impodtions upon the public cannot be 
arrested by penal enactments ; the only effectual way of pre- 
venting them, or of sheltering the community from their 
effects, is for the merchant to possess himself of the necessa- 
ry knowledge to determine between spurious and genuine 
articles. 

It is eminently proper also that Chemistry should be taught 
to girls. In the present arrangements of society, domestic 
duties, either by supervision or direct performance, devolve 
chiefly upon females ; and household operations, such as the 
cooking and preparation of food for the table, the preserva- 
tion of fruits and meats, and the various processes of clean- 
sing, can only be best performed when the principles of 
Chemistry are well understood. It is also worthy of consid- 
eration, whether substantial information upon this subject 
might not be beneficially substituted for much of that trivial 
knowledge which is imparted in fashionable female education. 

But be^des those more palpable benefits which spring from 
the application of Chemistry to daily business, there are others 
connected with the mind itself, which deserve to be noticed 
in this place. The superiority of the natural sciences over 
all other objects of study, to engage the attention,, and awaken 
the interest of pupils, is conceded as a fact of experience by 
the ablest teachers. This cannot be otherwise ; for the infi- 
nite wisdom of the Creator is nowhere so perfectly displayed, 
as in the wonderful adaptation which exists between the 



18 INTBODTJOnOir. 

jaoDg unperverted mind, and the natural world with wliich 
it is encompassed. 

On one hand there is the realm of nature, endless in the 
Tariety of its objects, indescribable in its beauty, immutable 
in its order, boundless in its beneficence, and ever admira- 
ble in the simplicity and harmony of its laws ; on the other, 
there is the young intellect, whose earliest trait is curiosity, 
which asks numberless questions, pries into the reason of 
things, and seeks to find out their causes as if by the spon- 
taneous promptings of instinct. The study of nature is 
therefore the most congenial employment of the opening 
mind, and one of its purest sources of pleasiu*e. Every fact 
that is learned becomes a key to others ; every progressive 
step discloses wonders previously imimagined. The more 
we acquire, the greater is our desire to learn, while each ad- 
vance multiplies the sources of delight instead of exhaustmg 
them. 

But the advantages of studying the natural sciences are by 
no means confined to the interest or enthusiasm which they 
are capable of exciting. They are also eminently fitted to 
train the mind to habits of careful observation ; to teach it 
discrimination in deciding upon evidence, caution in forming 
opinions, method in study ; to discipline it to patient and per- 
severing effort, and stcre it with valuable knowledge. And 
yet, in our current systems of instruction, how frequently is 
the mind cut off from the glorious works of Almighty power, 
and directed to the crude and imperfect performances of 
man! how often does the bright volume of Creation, "writ- 
ten," to use the impressive words of Lord Bacon, ** m the only 
language which hath gone forth to the ends of the world 
unaffected by the confusions of Babel," remain a sealed 
book, while the youthful mind is. inflated with fictitious 
learning, or occupied in acquiring the least valuable kinds of 
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information ! It is not to be forgotten, that so long as men 
neglected the study of nature, despised experiment, resorted 
to fanciful theories for the explanation of all natural occur- 
rences, and wasted their energies in aimless and sterile spec- 
ulations, society remained in a condition of barbarism, and 
learning was only an empty boast, a something of which the 
great mass of mankind knew absolutely nothing, and which 
was of httle service to those who possessed it. But when at 
length men became the students of nature, when they began 
to appreciate the significance of her facts, and to search for 
them with earnestness, then came the knowledge which put 
stagnant society in motion, which conferred power upon the 
masses to elevate and improve their condition. Then came 
the discovery of the New World, of the art of printing, of the 
telescope, the microscope, the steam-engine, the chronome- 
ter, the power-loom, the steamboat, the locomotive, the elec- 
tric telegraph, the daguerreotype, and ten thousand other 
inventions in all the departments of human activity ; and 
which constitute but the beginning of what yet remains to 
be done. The bemgn results which thus flow from the study 
of natural science, are in an eminent degree characteristic of 
Chemistry. Its principles are of universal import, of the ut- 
most breadth of practical application, and are involved in all 
the vicissitudes of being which we daily contemplate around 
us. And in acquainting ourselves with them, we may not 
only gain a deeper and clearer insight into the wonders of 
existence, but we shall likewise obtam the most striking 
proofs of the wisdom of the Great Maker of the Universe. 



PART !• 



INORGANIC CHEMISTRY, 



NATURE OF THE SCIENCK 

1. The creation by which we are surroiinded can only be 
anderstood in all its parts by that Omniscient Being who is 
its author. The mind of man is capable of learning a great 
deal about it, but it cannot comprehend the whole ; because 
its powers are limited, while the works of God are faifinite. It 
has been found necessary, in exploring the domain of nature, 
to cut it up, or parcel it out into sections ; in order that each 
mind, by being confined to a field within the range of its ca- 
pacities, may observe and study to the best advantage. 

2. The* vast reahn of natural knowledge thus becomes 
marked out into divisions, which are known as the depart- 
ments or branches of natural science. Our knowledge upon 
the subject of %ht, for example, forms the science of Optics ; 
the science of Geology treats of rocks ; Botany, of plants ; 
Anatomy y of the structure of the body, and Pathology of its 
diseases ; Astronomy , of the stars ; Meteorology, of the weath- 
er ; and Zoology, of animals. These distinctions, it is to be re- 
membered, do not exist in nature, for there all is linked and 
blended into one great system. They are entirely artificial, 
and created only for convenience of study. 

In stadying the natural world, why 1b it neoeesaiy to divide it into parts of 
sections? 
What are these divisions called? Are they natural or artificial ? 
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3. If now you ask the geologbt whether all forms of rocks 
are made up of the same kind of substance, or why lime- 
stone grows lighter in the fire, while soapstone remains un- 
changed, and coal disappears ; or if you seek to know of the 
zoologist why the various parts of a young animal cannot be 
formed out of water as well as milk ; or if you inquire of the 
botanist of what materials plants are formed, and why they 
will not all grow equally well upon the same soil ; or if you 
demand of the pathologist why pure air is healthful, while 
impure mr produces disease — ^they will all tell you that they 
cannot answer these questions without calling in the aid of 
another science, upon which each depends ; and that science 
is Chemistry. 

4. It is the province of Chemistry to investigate the prop- 
erties and relations of the atoms or particles of which all 
matter is composed. It teaches us of what the various sub- 
stances in nature, the earth, the ocean, the air, the trees and 
plants, our own bodies, and those of all animals, are made. 
It shows us the nature of the changes which these substan- 
ces are constantly undergoing, the number and properties of 
their elements, and the laws which govern their union and 
separation : in a word, it embraces the study of all kinds of 
matter in nature which are accessible to man. 

6. Chemical Elemmis, — ^The globe upon which we live is 
made up in its various parts of several distinct kinds of mat- 
ter, very imlike each other in properties, and called simple 
bodies or chemical elements. If the earth were composed 
of but one kind of substance, as iron or sulphur, there would 



How are the different sdenoes related to Chemistry? 

What is the province of Chemistry? What kind of information do we gel 
IVom Chemistry? 

If the earth were composed of but one kind of matter, why could there be no 
Rich thing us Chemistry ? 
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be no such thing as Chemistry ; for this science grows out of 
the relations of different sorts of matter to each other. 

6. Chemical Action, — ^These elements are subject to the 
operation of chemical forces, by which their atoms are made 
to change places, and enter into new conditions. Every per- 
son is famihar with many of these changes. Thus, polished 
iron in damp air becomes covered with rust ; sugar turns to 
spirits, and spirits to vinegar; flesh putrefies and becomes 
unfit for food ; wood decays, or is burned and converted into 
invisible gas ; air, by being breathed, becomes poisonous ; 
rocks are gnawed down by the action of the atmosphere, and 
crumbled into soil ; living plants are built up apparently out 
of the dead earth ; and our own bodies, nourished for a time 
on the products of vegetable growth, at length perish and fall 
to dust. These are examples of what is called chemical 
action. 

7. Simple and Compound Bodies, — ^The chemist divides all 
bodies into two classes, simple and compound. Compound 
bodies are such as can be taken to pieces, or separated into 
parts having different properties. Simple bodies or elements 
cannot be thus separated. A compound body bemg made 
up of simple substances or elements, may be decomposed, 
or divided into its elementary or component parts. Thus 
brass is a compound body, and may be shown to consist of 
copper and zinc ; but neither copper nor zinc can be further 
separated : they may be ground, crushed, melted, dissolved, 
dissipated a thousand times, but the copper can be made to 
yield only copper, and the zmc, anc. 

8. The true Idea of Simple Bodies, — It is not meant that 
all bodies now ranked as elements are certainly so, but only 



Mention some fSunilar examples of chemical action. 

What is the difference between simple and compomid bodies T 

What is tbo tnie idea of an elementary <^ simple body ? 
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that hitherto, in our hands, and exposed to all the yarious 
agencies which we can bring to bear on them, each element 
has yielded only one kind of matter, and no more. Future 
researches may show that bodies now regarded as simple are 
really compound. Potash was for a long time thought a 
simple element, but Davy decomposed it into potassium and 
oxygen, a metal and a gas. 

9. Analysis and Synthesis, — ^Analysis consists in taking to 
pieces a compoimd body, to find of what elements It is com- 
posed. Synthesis is putting them together again to form a 
compound. Qtialitative analysis ascertains the qualities or 
nature of the elements forming a compound. Quantitative 
analysis determines the quantities of these elements. 

10. Number of the Elements. — ^In glancing at the vast 
diversity of natural objects, we might at first conclude that 
the elements which compose them are infinite in number, but 
this is not so. Chemists have as yet discovered but sixty- 
five; of these about twelve are reckoned as non-metallic 
bodies, and the remainder are classed as metals. Of the 
metals not more than one-third are in common use ; the re- 
maining two-thirds being so rare as to be seldom met with. 
The following table contains a list of all th6 elementary bodies 
at present known. Several of them have been but recently 
announced. The letters or symbols opposite each name stand 
for the substance in the new chemical language (61)* ; and the 
nimibers show what quantity of each element is taken when 
it enters into umon with another (lY). 

* These numbers refer to secUoxis. 

What is analysis? What is synthesis? Wliat are qoalitatire and qnantl- 
tatiye analysis? 

Are the elements innnmerable? How many are there? How many ve not 
metala? Of the metals, how mai^ are in common xise? 



TAB^JB OF ELEUSNTAEY SUBSTANCiS.* 
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DTOBGANIC CHEMISTBY. 



NAMES OF TUe ELEMENTS. 



•PhosphoruB 

Platinum 

'^Potassium (kaliam) 

Jikodium 

litUhenium 

Selenium 

♦Silicon 

Silver (argentum) 

*Sodium (natrium) 

Strontium 

♦Sulphur 

Tantalum^ or Columbium 

Tellurium 

Terbium 

Thorium 

Tin (stannum) 

Titanium 

Tungsten (Wolfram) 

Uranium 

Vanadium 

Yttrium 

Zinc 

Zirconium 



Symbols. 



|Atoini« cnoi* 

ben. 
|Hydrog«DMl« 



82-02 
98-68 
39' 
62-11 
6211 
89-57 
21-85 
108- 
22-97 
48*84 
16* 
92*80 
66-U 

? 
59-59 
68*82 
24-29 
94*64 
60- 
68-55 
82-20 
82-52 
88-62 



11. Organic and Inorganic CJiemistry, — ^Animals and 
plants grow, and continue their being by means of what are 
called Organs, as leaves, ro^ts, lungs, stomach, &c., and the 
products which they form are hence called Organized or 
Organic substances. The chemistry of plants and animals 
is therefore termed Organic Chemistry, On the contrary, 
minerals, water, and air are not produced by organs, do not 
grow ; and the chemistry of these substances is therefore 
called Inorganic Chemistry. This branch of Chemistry 
opens to us the study of all the elements, and of the com- 
pounds which they form, independent of the influence of life. 
In pursuing Organic Chemistry, however, our studies are 

What are organized substances? What is Organic Chemistry? What is In* 
wganio Chemistry ? How many elements does Inorganic Chenisby consider f Of 
how many vmple bodies are organic substances composed ? 
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limited to about sixteen elements, wHch compose the entire 
vegetable and animal kingdoms, together with all the great 
rocky masses which constitute the earth's crust. 

12. These elements are marked by stars in the preceding 
table. As they embrace the most important relations of the 
science — physiological, dietetical, and agricultural, together 
with numerous arts and manufactures which derive their 
material from the organic world — ^we shall be chiefly em- 
ployed Vith them in the following pages. 

13. The names of these sixteen elementary substances form 
the left column of the Chart, and they are each represented 
by a square, colored diagram. Singrle squares stand foi 
sbiple bodies, but when jSed together they represent com- 
pounds. As a separate color is thus assigned to each ele- 
ment of a compound body, its exact composition is shown at 
a glance.* 

AFFDOTY, OR CHEMICAL ATTRACTION. 

14. Elementary bodies possess the property of uniting to 
form compound bodies. The power or force by which 

* Chlorine, Carbon, Salphnr, and Fliosphonui are represented upon the Chart 
by their natural colors. Fluorine, from its supposed resemblance to oxygen in 
properties, has an analogous tint; Nitrogen is of the color of the air (sky-blue), ol 
which it is the chief ingredient Oxygen, as the sustoiner of combustion, and tha 
agent which changes the blood from a purple to a florid tint, is represented of a 
crimson color. The bases of the alkali 38 have various shades of blue, correspond* 
ing to the strength of the alkalies which they form. (The alkalies restore the 
blue vegetable colors discharged by acids.) Aluminum, the basis of day, is of a 
clay-color. Silicon, which is said somewhat to resemble carbon, is of a dark eol\or. 
Iron forms green-colored salt, and manganese those of a rose color. 



What is said of the importance of the organic elements ? What are their names ? 

How are the simple bodies or elements repk-esented upon the Chart ? 

What is chemical attraction or afllnity ? How does it differ from the attraction 
»f gravitation and the attraction of cohesion? Do we study chemical affinity is 
Iti canses or its effects ? 
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this union is effected, is called chemical attraction, oi affinity. 
Chemical attraction is exerted to draw together or unite the 
particles of matter at insensible distances. It differs from 
the attraction of gravitation, wliich operates upon masses, 
and at all distances. It also differs from the attraction of 
cohesion, by imiting different kinds of matter ; while cohesion 
binds together only particles of the same kind. Bain falls to 
the ground by the force of gravitation, the particles of ircn 
are imited by the force of cohesion, but in lime, the atoms of 
calcium and oxygen are held together by the force of aflSnity. 
Of the cause of this force we know nothmg, and can study 
it only by its effects, which are to produce compounds differ- 
ing totally in their properties from the elements which unite 
to form them. 

15. Chemical combination is to be distinguished from me- 
thanical mixture. Sand and sawdust may be mtimately 
mixed, but they do not unite to form a new compound. So 
the two gases which compose the air, nitrogen and oxygen, 
are mixed together, but not chemically combined iato one 
substance. 

16. The simple bodies unite in pairs to form compoimds, 
which are termed Unary, because they contain but two dif- 
ferent kinds of matter. The lines ujK)n the Chart, converging 
fijom the left colimin to the right, represent the aflfinities of 
the elements. Thus hydrogen and oxygen have an aflSnity 
for each ofher, and combme, as the Imes passing from them 
show, — water being the product of their union : potassium 
and oxygen are also seen to unite, forming potash : the lines 
from nitrogen and hydrogen meet at ammonia, also those 
from oxygen and sodium at soda. Compounds formed by 



What ia the diflbrence between chemical and mechanical combination ? 
How is afOnity represented upon the Chart ? What does the etraeture of tht 
ttnoa represent? 
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the union of plain lines are solids ; of broken lines, liquids ; of 
dotted lines, gases. 

LAWS OF AFFINITY. 

lY. Definite Proportions, — AflSnity is governed by several 
highly interesting laws, which constitute the groundwork of 
modem Chemistry. It is a law of affinity, that all chemical 
combination takes place in definite, unchangeable proportions 
of quantity. The gases which form water unite in the pro- 
portion of 8 to 1, by weight : 8 ounces of oxygen unite with 
1 of hydrogen to form 9 ounces of water. One oimce of 
hydrogen will not combine with 6, 7, 10, or 12 of oxygen. 
Eight to one are the proportions for pure water, at all places 
and seasons ; nor is it possible to produce it from any other 
proportion of its elements. Eight parts of oxygen unite with 
thirty-nine of potassium to form potash, with twenty-three of 
sodium to form soda, with twenty of calcium to form lime, and 
with twenty-eight of iron to form protoxide of iron. Analy&k 
never discovers any other proportions in these compounds. 

18. This law of definite proportions governs the formation 
of all chemical substances whatever; it is universal. All 
stones and minerals, the dirt of which soil consists, every 
vegetable product, and a^arts of animal structm-es; consist of 
elements which are united in definite, unalterable proportions. 

19. Combining Numbers. — These combining quantities, 
being fixed, may be expressed by permanent nmnbers, which 
are hence called combining numbers. Relatively, these num- 
bers are, always the same, although they are written differ- 
ently upon different scales. Hydrogen, as is evident upon 

f — 

Do chemical substances combine in all proporifons ? What is said of the ele* 
pents of water ? of potash? of soda? of lime? of protoxide of iron? 
What is said of the Q^dent of this law? 
What are combining numben ? Are they always the Mine ? 
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the Chart, oombines in the smallest proportion by weight of 
any known body, and is adopted as the unit upon the scale 
generally used. Hydrogen being assumed as 1, oxygen is 8, 
sulphur 16, carbon 6, and so on; but if oxygen were taken 
as 1, the whole spale would have to be divided by eight ; or 
oxygen at 100 multiplies the scale by 12"5. 

20. This great law of Chemistry is exhibited upon the 
Chart in the clearest manner. The sizes or areas of the col- 
ored diagrams correspond to the combining numbers, and 
thus represent relative quantities to the eye. The hydrogen 
square being the smallest, the oxygen square is S times 
larger, the sulphur square 16, the carbon square 6, and the 
chlorine square 35 times larger. Observe that diagrams of 
the same color have exactly the same size throughout the 
Chart. This could not be otherwise, as the combining pro- 
portions are always the same. Thus, oxygen, wherever 
found, whether in an acid or an alkali, a mineral or a vege- 
table substance, is seen obeying the law of its fixed propor- 
tion; its square is always of the same size; aad^o with all 
the other elements. This great law of Chemistry, so admira- 
bly illustrated by these diagrams, gives remarkable simplicity 
to the science ; enabling the mind both to comprehend and 
to retain its facts with readiness a^^ease. 

21. Multiple Proportions, — wSea combination occurs be- 
tween two elements in more proportions than one, the larger 
quantities are multiples of the smaller by a whole nimiber. 
Thus carbon and oxygen form two dififerent compounds, 
carbonic oxide and carbonic acid. In carbonic oxide, as the 



By what method is this great law of definite proportions exhibited upon the 
Chart? Why are diagrams of the same color always of the same size? What ia 
iie effect of this law upon the acquisition of the science ? 

When the same elements form two or more different compounds, in what 
proportions do they unite ? Give aounples. What is said of the nitrogen and 
■xygen group ? What is this law caUed? 



LAWS OF AFFTNTrr. 81 

Chart shows, oxygen exists in but one proportion; in 
carbonic acid the quantity is doubled. In the nitrogen and 
oxygen group, we see a series of five compounds, which dif- 
fer essentially from each other in their properties. Tho 
amount of nitrogen is constant, but the quantity of oxygen 
varies as the numbers 8, 16, 24, 32, 40 — a simple nimierical 
ratio. This is called the law of multiple proportions. 

22. When two bodies unite with each other chemically, 
the proportions which are taken satisfy their mutual affini- 
ties, and the quantities are therefore said to be equivalent to 
each other. Thus the aflfinity of one grain of hydrogen is 
exactly equal or equivalent to that of eight grains of oxygen, 
or thirty-five grains of chlorine. Combining nimibers are 
hence sometimes called equivalent numbers, equivalent pro- 
portions, or equivalents; they are also termed combining 
weights, atomic weights, combimng proportions, &c. The 
atomic numbers should always be associated in the mind with 
the names to which they are attached, because to the chemist 
no such thing as abstract hydrogen, oxygen, or carbon exists. 
It is of their atoms that he invariably speaks. The word hy- 
drogen signifies an atom which weighs 1, the word carbon an 
itom which weighs 6, and the word oxygen an atom which 
xreighs 8. ^ 

23. The law of definite proportions extends to the union 
of compounds, as well as of elements. The combining pro- 
portion of a compound body is the sum of the combining 
numbers of its several elements. The combining number for 
lime is calcium 20, oxygen 8=28 : for water it is oxygen 8, 



What are chemical equivalents? What are combining numbers sometimea 
called ? Why should the atomic numbers be always associated with the names to 
which they are atuiched? What does the chemist understand by thn words 
hydrogen, carbon, oxygen ? 

How ao we loam the combining propwtiona of a compound body f How 
does it appear that 37 is the number for hydrate of Ub»1 
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hydrogen 1=9. Wlien water and newly burned lime unites 
as in the process of slaking, the quantities are therefore of 
water to 28 of lime, giving 37 for hydrate of lime: thus each 
acid and alkali has its fixed equivalent number. It is im- 
portant that the combining numbers of the elements upok 
the Chart should be learned and remembered; the pupif 
should then be required to compute the numbers for the com- 
pounds which they form. Fractions have been omitted, 
whole numbers being more easily retained in the memory. 

24. The term ga8 is applied to bodies which are neither 
solid nor liquid, but resemble au*. Gases unite in definite 
proportions by hulk or volume, as well as by weight. Thus 
water is formed by one volume or measure of oxygen to 
two of hydrogen, and like simple proportions govern all 
gaseous combinations. But as weighing is the grand pro- 
cess by which all the important laws and facts of Ohemistiy 
have been established, and as the whole language and 
nomenclature of the science, as recognized by all chemists, 
has been conformed to results by weight, these alone are 
represented upon the Chart. Says Prof. Liebig, " The great 
distinction between the manner of proceeding in Chemistry 
and Natural Philosophy is, that one weighs, while the othei 
measures. The natural philosoph||^ has applied his meas- 
ures to nature for many centuries, but oiJy for fifty year? 
have we attempted to advance our philosophy by weighing. 
For all great discoveries Chemistry is indebted to the bsd- 
ance, that incomparable instrument which gives permanence 
to every observation, dispels all ambiguity, establishes truth, 
detects error, and guides in the true path of inductive 
science." 



What is a gas? How do gases combine? Why does not the Caiort repre> 
lent combination by yolume ? What is said of the great diatinc^iCHi between 
Vaturai Philosophy andCheniistiyf 
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CAUSES WHICH CONTROL AFFINITY. 

25. Bodies combine with unequal degrees of "power, — Chem- 
cal attraction acts among different substances with different 
degrees of force. Thus carbonic acid will combine with 
soda, forming carbonate of soda ; but if vinegar be brought 
in contact with this compoimd, it will drive off the carbonic 
acid, and take its place, forming acetate of soda. Again, 
the affinity of hydrochloric acid for the soda is superior to 
that pf the acetic acid ; it will therefore expel it, and form a 
new substance. Nitric acid serves hydrochloric in the same 
way, and it is in turn treated in a similar manner by sul- 
phuric acid. It has been attempted to construct tables rep- 
resenting the order of affinities among different substances ; 
but so many causes disturb the play of this force, that such 
tables are of little value. 

26. Relation of Heat to Affinity, — ^Heat is the great 
antagonist of affinity. As this force draws the particles of 
matter together, heat tends to drive them asunder. By thus 
separating the atoms, and removing them beyond the sphere 
of each other's attraction, it weakens and overcomes chemi- 
cal imion. But when the affinities which bind together a 
compound have been destroyed by the application of a given 
degree of heat, other affinities of a stronger kind ^e brought 
into action, and the elements arrange themselves into new 
combinations. Thus, heat destroys all organic substances, 
but at the same time other compounds are formed, which 



Is the force of chemical attraction equal among all cmbstances? How doea 
vinegar affect carbonate of soda? Why does hydrochloric acid destroy this com 
pound ? What acid expels the hydrochloric ? What the nitric ? Why are tablet 
showing the order of aflOnities of little yalue ? 

How does neat overcome chemical union ? ' When heat destroys the affinities 
of a compound) what follows ? 
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resist the decomposing power of combustion. Heat, hf 
melting solid substances, and thus bringing them into a state 
of liquidity (29), also calls new affinities into exercise, as in 
glass-makhig (296, 303). 

27. Influence of Light — Light exerts a powerful agency 
in modifjdng affinity. Hydrogen and chlorine gases min- 
gled together in the dark do not unite ; but if brought into 
the sunshine they combine explosively. The daguerreotype 
process depends upon the chemical action of light, exerted 
upon metallic plates coated with various sub^^tances. Light 
is also the great agent which controls the growth of vegeta- 
tion, as all vegetable fabrics are built up under its direct in- 
fluence (329). 

28. JSffect of Electricity, — Affinity is also controlled by 
electricity, which by many is supposed to be the basis of 
all chemical action. Atoms which are attracted together 
are assimied to be in different electrical states, as opposite 
electricities are known to attract each other. If two slips of 
dififerent metals have their lower ends dipped into an acid, 
corrosion (chemical action) immediately takes place ; and if 
their upper ends are connected, either by being inclined 
together or by a third slip of metal, an electrical current is 
created. This is called a simple voltaic circuit, and involves 
the principle of the galvanic battery. Electrical currents are 
among the most powerful means of producing chemical de- 
composition. 

29. Cohesion, — ^As affinity only takes place among par* 
tides of different kmds of matter at insensible distances (14), 



What ia said of the effect of light upon affinity ? Upon what does the da 
guerreotype process depend ? How does light influence v^;etation? 

How is electricity supposed to act in controlling chemical action ? In th« 
▼oltaic circuit and galvanic battery, to what ia the electrical current due ? 

Why is cohesion opposed to chemical action ? How is cohesion best ove^ 
»? 
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cohesion, which holds together atoms of the same kind in 
masses, must be opposed to chemical action. Substances 
when in the solid state, even if ground to a fine powder and 
mixed, very rarely combine chemically. To afford full scope 
for affinity,* cohesion must be completely overcome ; and this 
is best done by melting or dissolving the bodies in a liquid, 
that their particles may be brought into the most intimate 
contact. 

30. Effect of the Nascent State. — ^Elements at the very mo- 
ment they are liberated from union, in what is called the grow- 
ing or nascent state, often enter into new combinations which 
cannot be formed under other circumstances. Nitrogen and 
hydrogen, if mingled in the same vessel, do not unite ; but 
when these two gases are set free at the same time, by the 
decomposition of vegetable matter, they readily combine to 
form ammonia. 

31. Catalysis. — Chemical union is also sometimes influ- 
enced in a peculiar manner by what is called presence-action, 
or contact-action, or catalysis. In this case, a body, by its 
presence or contact, indtices changes in another, in which it 
takes no part. Thus if starch is boiled in a little weak sul- 
phuric acid, it is converted into sugar ; and if at the termina- 
tion of the process the acid be examined, it will be found to 
remain unaltered, both in properties and quantity ; so that 
the smallest proportion of the acid is sufficient to convert 
mto sugar an indefinitely large quantity of starch. The phe- 
nomena of catalysis are not well understood. 



Wliat 18 said of the :ombiiuitioii of elements Just liberated flx>m union f GItb ai 
example. 

What ii the mode of action of catolysiB? Are the phenomena wcU ande» 
Hood? 
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THE ATOMIC THEORY. 

82. It has been proposed to explain the laws of chemical 
combination by what is called the atomic theory. This theory 
assmnes, first, that the ultimate particles or molecules ci 
which all matter is composed are indivisible, unchangeable 
atoms ; second, that atoms of the same element are uniform in 
weight, but that in different elements they have different 
weights ; third, that the combining numbers represent these 
relative weights ; and fourth, that chemical compounds are 
formed by the imion of these atoms with each other. When 
these propositions are admitted, the known laws of combination 
follow necessarily. If bodies unite by atoms, atom to atom, 
their proportions must be definite, and always the same. If 
several similar atoms imite, as each is indivisible, they must 
be multiples of each other {multiple proportions) ; and as one 
atom may replace another in a compound, their relation must 
be that of equivalents. This theory has been so imiversally 
received by chemists, that its terms have become incorpora- 
ted with the language of the science ; so that to say an atom 
of iron combines with an atom of oxygen, is as common as 
to say that a proportion or equivalent of iron combines with 
an equivalent proportion of oxygen. 

33. Of the form or figure of atoms nothing whatever is 
known. It is therefore no matter in what shape they are 
represented, as the object is net to indicate their figure, but 
their relations. 

34. If each square upon the Chart is considered to represent 

Upon what assnmed grounds is the atomic theory baaed? Do the laws of 
combination result trora. these propositions? What is said of Jie rcoeptioo oi 
this theory by chemists? 

la any thing known of the f(Nrm of atoms ? 

How does the Chart give a dear idea of 12>e atomic theory ? 



THE ATOHIO THEORY — QBYBTALLIZATICN. 87 

an atom, we shall then have a clear view of the atomic theory. 
Single atoms are seen to combine to form componnd atoms : 
thus an atom of water contains two elementary atoms, of 
silica four, and an atom of gluten eighty-four simple atoms. 
Until the announcement of the atomic theory, we had no 
adequate explanation of the imiformity of the proportions of 
chemical combination, or of the nature of the cause which 
renders combination in other proportions impossible. 
, 35. Crystallization, — ^When certain sohd substance* are 
dissolved in hquids or melted, so that their particles are free 
to move among each other, upon the evaporation of the liquid, 
or the cooling of the melted mass, the atoms aiTange them- 
selves together in certain regular geometrical forms, called 
crystals. The process by which crystals are formed is called 
crystallization. Thus, when common salt crystallizes, its at- 
oms arrange themselves in the form of dice or cubes. Alum 
assumes the form of a double pyramid placed base to base. 

36. Attraction, in causing atoms to cohere so as to form 
soUd masses, seems not to act equally all aroimd each atom, 
but between certain sides or parts of one atom, and corre- 
sponding parts of another ; so that when allowed to unite ac- 
cording to their natural tendencies, they always assimie a 
certain definite arrangement. This property of atoms has 
been called their polarity, because in these circimistances 
they seem to resemble magnets, which attract each other 
only by their poles. When the arrangement of its atoms is 
not crystalline, a body is s«dd to be amorphous. Any change 
which tends to permit freedom of motion among the atoms 
of amorphous bodies, favors the reaction of the polar forces, 
and promotes crystallization. 

What are crystate? What is crystallization? What ibnn do the crystals of 
fommon salt aasame ? What those of alum? 

What is said of the polari^ of atoms? Li this property, what do th«y resemhle f 
What is an amori^cms body ? 
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87. The power with which atoms arrange themselves in 
the crystalline order is seen in the freezing of water ; as the 
particles assume their new position, the water expands with 
a force sufficient to burst the strongest ircn vessels, or to rend 
solid rocks. 

38. Blows, continued vibration, friction, and variations oi 
temperature produce changes in the molecular arrangement 
of metals ; and it is thought that the axles of railroad-cars, 
though at first constructed of tough and fibrous wrought- 
iron, may from these causes acquire that crystalline aid brittle 
structure which they often exhibit upon breaking. CiystaJs 
oT the salts often contain water, called the water of crystalli- 
zation. These, when exposed to the air or to iieat, part with 
this water, lose their transparency, turn white, and &J1 to 
powder: this is called efflorescence. Others attract vrater 
from the air, and this is known as deliquescence, 

39. The primitiye geometrical forms which crystals assume 
are divided into six classes or systems, and in each of these 
classes there is a vast number of secondary forms. Thus in 
carbonate of lime, 680 modifications of crystalline form have 
been described. As the subject of crystalline forms, to be 
made rateresting, requires full details, we must refer the in- 
quiring student to the complete treatises upon Mineralogy 
and Crystalography. 

40. When the same body possesses the property of being 
crystallized in two different systems, it is said to be dimor- 
2)kous, Isomorpkous bodies are such as have the property 



What ia said of the force with which atoms arrange themaelTes in the (aystalline 
form ? Give an example. 

What is sidd of the effect of blows, ftlction, and vibration of the axles of rail'Cars f 
What i» efflorescence ? What ia deliquescence ? 

How many primitive geometrical forms do crystals possess ? How many seoon* 
iary forms of carbonate of lime have been enmnerated ? 

What is a dimorphous body ? What are faomorphoiia bodies? 
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of replacing each other in crystals, without giving rise to 
new figures. Ten groups of isomorphous bodies have beeu 
discovered. 

41. Isomeric compounds iire such as contaiQ the same 
elements, in the same proportions, and yet have different 
properties. Formerly it was supposed that compounds hav- 
ing the same chemical constitution must necessarily have 
the same qualities, but such is now proved not to be the 
fact. Spirits of turpentine, the oil of lemons, oil of juniper, 
oil of black pepper, and oil of bergamot, as is seen upon the 
Chart, cont£un equal amounts of carbon and hydrogen, yet 
their properties are very different. Oil of roses and illumi- 
nating gas ai^ also identical in composition. The difference 
of properties in isomeric bodies is accoimted for by supposing 
that the atoms or molecules are differently arranged in tlio 
different cases, as is represented by the Chart. 

42. Allotropism, — Chemists have IsCtely shown that many 
of the elements may exist imder two or more different con- 
ditions, called allotropic states. In one state they i-eadily 
exert their usual active properties ; in the other they seem 
passive, and as it were torpid. Thus the diamond is the 
passive form of carbon, and it can hardly be made to bum 
in oxygen gas ; while lamp-black, which is one of its active 
forms, is so highly combustible that it often takes fire spon- 
taneously in the open air. It has been suggested that these 
conditions of the elements are retained when they enter into 
cdmbination. 



What are isomeric compounds? Giye examples. Howisthedifl^raaoeorpropi 
crlies in those ocnnpounds accounted for ? 
What are aUotropic states ? What examples are oflkred f 
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THE NOMENCLATURE. 

43. The chemical nomenclature is a system of namiog, ni 
which the structure of the terms employed expresses the 
composition of the substances to which they are apphed. 
This nomenclature is the most perfect to be foimd in any of 
the sciences. It is very simple, and gives the mind great 
power over the subject. 

44. In the case of simple bodies, the rule is to retain the 
old established terms ; but when a new element is discovered, 
to give it a name expressive of some leading property. Thus, 
chlorine takes its name from its greenish color, and iodine 
from its purple vapor. All the lately discovered metals are 
distinguished by a common termination, as potassium, sodium, 
platinum, &c. 

45. Compoimd bodies are of three kinds, acids, bases, and 
neutral bodies, or those which possess neither acid nor basic 
properties. Acids are usually known by the following prop- 
erties : a sour taste, a power of altering vegetable colors 
(changing blues to red), and the property of combining with 
and neutralizing or destroying the properties of the bases or 
alkalies. 

46. A large number of the acids are formed by the imion 
of oxygen with other bodies ; they are then named from the 
element with which tlie oxygen unites. Thus, sulphur with 
oxygen gives sulphuric acid, carbon with oxygen gives car- 
bonic acid, phosphorus with oxygen forms phosphoric acid. 
Acids in which there is no oxygen are named from both their 



What is the chemicfd nomenclature ? What is said of it ? 
What is the rule in the case of simple bodies? Give examples. 
How are compound bodies divided ? What are adds? 

How are a large number of the adds formed ? How are these named ? Give 
■samples. How are adds named which oontain no osqrgen? Wh« the aamt 
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elements : thus, hydrogen and chlorine form hydrochlorio 
acid, hydrogen and fluorine hydrofluoric acid. When differ- 
ent acids are formed by the union of the same elements in 
different proportions, they are distinguished by terminations 
and prefixes. The termination ic describes the strongest, 
ous a weaker, and the prefix hypo, which means under, a still 
weaker acid. Thus nitric acid contains a higher proportion 
of oxygen than nitrot^ acid, and this more than Ay^nitrous 
acid (see Chart). The prefix hi/per means more, as hyper- 
chloric acid, or more commonly |>crchloric, which contains 
more oxygen than chloric acid. 

47. Bases are distinguished by their power of combining 
with and neutralizing acids. They include the alkalies, which 
have a peculiar acrid taste, as lime, called the alkaline taste ; 
and have also the power of restoring vegetable blues when 
destroyed by an acid. Besides the alkalies, bases also com- 
prehend those metallic oxides which do not exhibit these 
alkaline properties, but yet imite with acids. 

48. Most of the bases are formed by the union of oxygen 
with another element, commonly a metal; as oxygen with 
iron, termed ciide of iron, oxygen with potassium, oxide of 
potassium, <fec. When oxygen combines with the same ele- 
ment in different proportions, forming several oxides, its quan- 
tity is indicated by the use of prefixes. Thus proto indicates 
one equivalent or the lowest proportion of oxygen ; deuto^ 
iw3, and tritOf three, equivalents of oxygen. Per is used to 
express the highest degree of oxidation, and is often applied 



elements form different adds, how are they distinguiBhed? What Is the meanii^ 
of »c, of 01M, of hypoy of kyper^ or per ? 

Hotr are baaes distinguiahed? What bodies are comprehended by the term 
oases? 

. How are most of the baaes formed ? How is the quantity of oxygen in an oxid« 
ianoted? What does jrroto indicate? DetUo7 Tritol How is i»er used t 
What are fnioxides? What are Mffniixzidoa? 
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to the deutoxide and tritoxide. Some oxides, which havQ 
such uiferior basic properties as not to combine with acids, 
are termed ^u&oxides. ^/m>xide is equivalent to deutoxide; 
and sesquioiddes are those in which the oxygen is in the pro* 
portion of one and a half to one, of the element with which it 
is combined. (See Chart, Binary Compoimds.) * 

49. The acids and alkalies, although possessing oppodte 
properties, have a powerful attraction for each other, and 
combine to form salts. By this union the properties of both 
the acids and bases are completely lost, and a neutral salt is 
the result. If, however, there is not sufl&cient base com- 
pletely to saturate the acid, an oocf-salt, or super-salt, results ; 
while if the base is in excess, a bdsic-salt, or sub-salt, h formed. 
Salts are named after both their elements, as phosphate .of 
lime, from phosphoric acid and lime. But as several acids of 
the same general name may combine with one base, the salts 
are distinguished by turning the ic of the acid mto ate of the 
salt, and ous into ite : thus nitric acid forms nitrates, nitrous 
acid nitrites, and hyposulphurous acid hyposulphites. The 
basic element of a salt is indicated by its usual prefixes ; thufiy 
protosulphate of iron is a sulphate of the protoxide of iron. 
(See Chart.) Salts formed from elements containing oxygen 
are termed oxygen-acid salts; those containing no oxygen 
are named Jialoid salts, from their resemblance to sea-salt — 
chloride of sodium (291). 

50. As oxygen forms oxides, so chlorine forms chlorides, 
bromine bromides, iodine iodides, fluorine fluorides, sulphur 
sulphides, phosphorus phosphides, and carbon carbides. The 

When acids and alkalies unite, what is the result ? Whatis a^teper-salt? What 
a «ufrH3alt ? How are salts named ? Example ? When several acids of the same 
general name combine with one base, how are the salts distinguished? Ejcamplest 
How is the d^n^^e of oxidation of the base of a salt represented ? What are oaiy- 
gen-acid salts ? What are haloid salts ? 

To what compounds are ide and ura attached? 
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eompoimds of these last three substances are known most 
generally by the termination uret, as snlphuret of iron, car- 
buretted hydrogen. 

51. Chemical Symbols, — ^In the case of most organic com- 
pomids the nomenclature fails, and cannot be made to express 
composition. Another expedient has been happily resorted 
to, which meets the difficulty : it is the use of what are known 
as chemical symbols. For the symbol of an elementary sub- 
stance we take the first letter of its name ; but as several sub- 
stances may have the same initial letter, to distinguish be- 
tween them, we either employ the first letter of their Latin 
names, or add a second small letter. Thus, C stands for 
carbon, CI for chlorine ; and as P is taken for phosphorus, 
K, from kalium, the Latin for potash, is taken for potassium. 
A symbolic letter represents not only an element, but one 
atom or proportion of that element. Thus, N O stands for 
one atom of nitrogen and one of oxygen, which forms nitrous 
oxide. K more proportions than one are to be expressed, a 
small figure is added in the same manner as the powers of 
roots are expressed arithmetically by exponents. Thus, N O, 
represents nitric acid, which contains five equivalents of oxy- 
gen. A large figure placed before a parenthesis mdicates 
that all included within it is to be multiplied ; thxis, 3(S O3 -|- 
HO) represents three atoms of hydrated sulphuric acid. 
Some writers dispense with the parenthesis. A collection of 
Symbols is called a formula. 

62. Equations and Diagrams, — Chemical changes are 
shown by means of formulae arranged in the manner of an 
equation. The separation of carbonic acid, and the formation 



What takes the place of the nomendatare in Organic Chemistry ? What is taken 
as the symbol of an element? When tvro elements have the same initial letter^ 
how do we distingqish between them ? Giye some examples. How is the pn^ 
portion ofan element expressed? Ezamplee. What are farmolsBt 
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of plaster of Paris, when sulphuric is added to carbonate of 
lime, is thus represented : Ca O C Oj + S Oj = Ca O S Oj 
4- C 0|. The substances to be changed, carbonate of lime 
and sulphuric acid, are 
placed at the left; the 
products of the change, 
sulphate of lime and free 
carbonic acid, are -seen at 
the right. A still better way of illustrating decomposition is 
hj means of lines, such as are shown upon the Chart By this 
method the foregoing changes appear as in the above diagram. 
Here the substances to be changed and the products of change 
are not only arranged opposite each other, as in the equation, 
but the character of the change is exhibited more clearly. The 
plain lines show that one of the products b a solid, and the 
dotted line that the other escapes as a gas (16). As there is 
nothing lost during the change, the equivalents upon each 
side^ if added together, will produce equal amounts. 

53. It is very important that the nomenclature and the 
use of symbols should be well learned ; and as the common 
way of teaching this part of the subject is difficult, tedious, 
and unattractive, it is desirable that beginners should have 
the Chart constantly before them while attending to it. Much 
time and labor will thus be saved, while clear, and therefore 
the most lasting ideas are acquired. 

MANIPULATION, OR THE OPERATIONS OP CHEMISTRY. 

64. Manipulation means hand-work: it is a term applied 
to all the practical operations of Chemistry. To become an 



Dow are chemicfd changes abown ? How are the substances arranged t Wh# 
la said to be a still better way of illostrating chemical changes ? 
What is chemical manipulation ? 
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expert manipulator requires great experience, tact, and a 
high perfeetion of bodily senses ; but many useful operations 
may be executed with but slight practice and few instru- 
ments. The object of all chemical investigation is to ascer- 
tain something imknown in reference to the properties of 
bodies, and this is done in yarioxis ways. 

65. We deteimine by taste if bodies are sweet, like sugar; 
sour, like vinegar ; bitter, as epsom salts ; saline, as conmion 
salt ; bummg, as alcohol ; insipid, as water which has just 
been boiled, or entirely tasteless. ^ The properties of many 
substances are revealed by the odors they emit. Thus the 
peculiar smell of burnt feathers, woollen rags, &c., indicates 
animal substances. Color is an important property of bodies, 
and should always be noticed. Some experience is necessary 
to identify different shades from description ; and the pupil 
will do well to procure slips of paper of a large variety of 
tints, and paste them in a book with the name of the color 
opposite each. 

66. The property of hardness, which is very important in 
reference to minerals, is determined in a comparative way, 
by rubbing or raspiag one body against another, and observ- 
ing which is scratched. Thus talc is scratched by gypsum, 
and gypsum by calcareous spar. The diamond scratches all 
bodies and is itself scratched by none. The finger nail also 
affords a good indication in this way ; soapstone and plaster 
of Paris yield readily to it, while limestone is but slightly 
affected. 

67. Weight is a fundamental property of all bodies ; to 
ascertain it accurately is therefore a matter of great impor- 



How are the properties of many bodies easily determined? What is said of 
•olor? 
How do wo asoertdn Che comparative hardness of bodies ? 
HThat is said of weight ? Hew is weighing performed ? 
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tance. When we take a piece of wood in one liand, and a 
piece of lead of the same size in the other, we say that one 
is heavy and the other light We mean that they are heavy 
and light compared one with the other ; these terms, then, 
always express the comparative weight of equal bulks Gt 
different substances. We have standards or units of weight 
with which all bodies may be compared, as troy weight, 
apothecaries' weight, <&c. Weighing is performed by means 
of an instrument called the balance or scales. No balance 
should be used, even for the roughest chemical work, that 
will not turn with the tenth of a grain. 

58. Specific Gravity, — ^The specific gravity of a body n 
its weight compared with either water or air. Solids and 
liquids are usually compared with distilled water, gases with 
common air. A cubic foot of water weighs about 1000 
ounces ; a cubic foot of iron weighs 7800 ounces ; it is there- 
fore 7 and ^ times heavier than water, hence we say its 
specific gravity is 7 '8. Gold is 19 J times heavier than 
water ; its specific gravity is 19*6. The specific gravity of a 
solid is obtained by first weighing the body out of the water, 
and then weighing it suspended in the water, when it will be 
found to weigh less. The weight in air is divided by the 
loss in water, tiiid the quotient gives the specific gravity of 
the substance. The specific gravity of a liquid may be ob- 
tained by filling with it a bottle which will hold just 1000 
grains of pure water, and then weighing it. Such a bottle 
will hold just 1340 grains of molasses, 1840 grains of oil of 
vitriol, 13,500 grains of quicksilver, and only 840 gi-ains of 
alcohol : these numbers, divided by 1000, give the specific 
gravities of these several substances. 

What is meant by th3 specific grayity of a body ? What are solids and liqiddi 
eompared with ? Gases? How do we determine the speoifio gravity of a woM T 
How of a liquid? 
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59. Pulverization, trituratioii, or comminution is tBe break- 
in^ or grindmg down of hard substances into powder. It is 
effected usually in a strong vessel termed a mortar, made 
of Wedgwood's ware, or porcelain. Fig. 1. 
This operation must be performed upon most 
sohd bodies before they can be dissolved. 

60. Solution. — The act of dissolving, by 
which a solid substance, when placed in a 
liquid, disappears, leaving the liquid clear, 
as sugar or common salt in water. A gas may also be said 
to dissolve in a liquid when it is absorbed by it. The hquid 
which effects solution is called the solvent. Infusion and 
digestion consist in steeping or soaking substances in liquids 
in order to dissolve some' portion of them. 

61. Precipitation consists in the separation of a dissolved 
substance from the liquid solvent. Spirits of camphor is a 
solution of camphor in alcohol. K water be added to it, the 
camphor separates from the alcohol as a white cloud, which 
soon settles to the bottom : it is precipitated. The substance 
separated from the solution is called the precipitate, the sub- 
stance added the precipitant. 

62. Filtering. — The act of straining, by which solid sub- 
stances (usually precipitates) are separated from liquids. 
Coarse sand or cloth is sometimes used to form a filter, but 
most commonly porous^ or imsized paper (blottmg paper). 
The paper is cut into pieces of a circular form. Fig. 2, and 
folded over, as the cross lines represent. It then readily 
assumes the form Fig. 3, when it is placed within a funnel 



How is trituration performed ? 

What is meant by solution ? What by inftision and digestion ? 
What is precipitation ? Give an example. Which is the precipitate ? Whiek 
the precipitant? 
What is filtering? What snbstancee are used as fiUenT 
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which rests upon a stand,* Fig. 4. The filtered liquid it 
called the //f rate. 

Fig.*. 
Fig. 8 ; 

Fig. 3. 




63. Deeanlatitm is the act of geaHy pouiing off a liquid 
from its Eediment, as when a precipitate has settled to the 
bottom. Mix some chalk and water in a tumbler, let it rest 
untjl the chalk is deposited, carefully cant the tumbler oyer 
to one «de, and you will dtcaiil the water. 

64, DistiUalion is the process by which a liquid is erapo- 
lated in one vessel by heat, the vapor conveyed to s 

nj.s. 




vessel by means of a tube or otherwise, and there condensed 
by cold Into its ori^nal liquid form. Fig. fi represents the 
I "GriffiD'a Oiemlcal Si 
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retort and receiver which are commonly used for distillation. 
The object may be either to separate a liquid from substan- 
ces dissolved in it which will not evaporate ; or to separate 
two liquids which evaporate at different temperatures, as 
alcohol and water (380). Dry distillation is the distillation 
of substances without the addition of water. Destructive 
distillation is the distillation of substances at a high tem- 
perature, so that their elements are separated and form new 
combinations. 

65. Heat is the great agent made use of by the chemist 
to produce changes in matter, hence Chemistry has been de- 
fined as " philosophy by fire." The spirit-lamp is the most 
convenient means of producing heat, as alcohol when bum* 
ing produces a very high temperature, but little light and no 
smoke. In the absence of the common spirit-lamp, the stu- 
dent may make one by inserting the tin or brass tubes of an 
oil-lamp through a cork, and fitting the cork tightly to a 
wide-mouthed viaL A common cotton wick is employed, 
but when not in use it should be closely capped to prevent 
evaporation, 

MEASUREMENT OF HEAT. V 

66. Variations of temperature are shown by an instrument 
called a thermometer or heat-measurer. It acts upon the 
general principle that heat expands all bodies and cold con- 
tracts them. A narrow tube of glass terminating at its 
lov7rr extremity in a bulb, filled with colored alcohol, or 
mcEt commonly with quicksilver, is attached to a frame or 
case. The bulb being dipped into water in which ice is 



XVL" (s tho q>iriMamp the beat m^ttoa of producing heat for the chcmiBt f 
Wi at 's U^o principle of th^ ^erf^onieter ? How ia the freezing point obtained f 
Bow the TN)iL-r.9( point? 

5 
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mcltin(^, the position of the mercury is marked, and called the 
freezing point, or, more properly, the point of melting ice. 
Tlie bulb is then dipped into boiling water, the mercury ex- 
pands, and the height to which it rises is marked as the boil- 
ing point. 

67. In the centigrade thermometer, which is used in 
France, the space upon the scale that inter\'enes between the 
freezing and boiling points is marked into 100 equal divisions, 
called degrees. The zero, or cipher from which we begin to 
count, is therefore the freezing point, and 100° the boiling 
point. This is the most natural and perfect scale. Reau- 
mer's thermometer, used in the east of Europe, has the same 
space upon the scale divided into 80° ; and Fahrenheit's ther- 
mometer, the one used in this country 
and England, has the same portion of 
the scale divided into 180° ; but what 
is very smgular, it has the zero, or 
point at which we commence count- 
ing, fixed at 320 below the freezing ' 
point ; so that from zero to the boil- 
ing point we have 180° -f 32°= 212°. 
The centigrade thermometer is repre- 
sented by the letter (C), Reaumer's 
by (R.), and Fahrenheit's by (F.). 
The degrees above zero are marked ^^^^ 
with the sign ( + ), those below with \J) \^ \^ 
the sign ( — ) : see Fig. 6. 

The following table exhibits several interesting facts in re* 
gard to temperature : 



Fig. 8. 

c 



iJ^ 



\d' 



50 + 



\*^ 



212 



I2S 



32* 



I. 



How are the spaces between those two points divided in different thermonM* 
tors? Which is the most natural scale ? How are degrees abcye and below tk« 
point diBtingoished ? 
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Oreatest artificial cold measured (Faraday) —166® F. 

Greatest natural cold observed by a " verified" ther- 
mometer (Sabine) 5(P 

Estimated temperature of the planetary spaces 

(Fourier) 68o 

Mercury (quicksilver) freezes 89® 

A mixture of equal parts of alcohol and water freezes 7® 

Ice melts -f- 82® 

Greatest density of water 89*8® 

Mean temperature at the equator 81*5® 

Heat of human blood 98® 

Highest natural temperature observed (of a hot wind 

in Upper Egypt.— Burkhardt) 1 17*8® 

Alconol boils 172*94® 

Water boils 212® 

Tin melts 442® 

Lead melts 612® 

Mercury boils 660® 

Red heat (Daniel) 980® 

Heat of a common fire (Daniel) 1141® 

Brass melts 1869® 

Siivw melts 2283® 

Cast-iron melts 8479® 

68. niennometers should never be suddenly plunged into 
very cold or very hot water, as the glass is hable to crack ; 
and the indications of thermometers bought at the shops or 
instrument-makers ought not to be trusted, imless they are 
at first carefully compared wkh some well-known standard 
instrument. The mercurial thermometer is capable of meas- 
uring accurately only about 600 degrees of heat ; tempera- 
tures higher than this are shown by instruments called 
pjrrometers, which operate by the expansion and contraction 
of solid bodies. 



What precautions should be obaenred in using thermometers ? In buying them f 
What is the limit of the indications of the mercorial thennometer? Utm 
%iffiMW temperatures measured ? 
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OF THE CHEMICAL ELEMENTS, AND THEIR 

COMPOUNDS. 

OXYGEN. 
Symbol 0, equivalent 8. 

69. This is the most important of the elements. It is in 
some way concerned in nearly all chemical changes, and in 
most of them it takes a very prominent share. As we shall 
be much in its company in the following pages, it will be 
well to make its acquaintance first. 

70. Properties, — The condition of oxygen is that of a gas ; 
that is, it resembles common air, which is a mixture of ser- 
eral gases. Some gases when exposed to great cold are 
brought down to the liquid, and even the solid state (168), 
and others are condensed into liquids by pressure : but no 
degree of cold or pressure ever yet applied has been able to 
overcome or destroy the gaseous properties of oxygen ; chem- 
ical force alone can do this. Oxygen is transparent, coiorless, 
tasteless, and modorous, like common air ; it is about one- 
tenth heayier than that body, and possesses the same me- 
chanical properties. It acts neither as an acid nor an al- 
kali, and is dissolved sparingly by water, 100 gallons ab- 
sorbing about 4j of the gas. The term oxygen signifies 
acid-former. It was applied by Lavoisier, who supposed it 
to be the active principle of all acids, an opinion now known 
to be false. There is reason to believe that oxygen is capable 
of existing in two allotropic states (42), a passive or quies- 
cent state, and an active condition, in which its afi&nities are 



What is said of oxygen ? 

In what slate does oxygen exist ? What force alone can change it into a liquid 
or solid condition ? What are its properties ? What is the meaning of the teroi 
oxygen ? Why was it so named ? What is ozone ? 
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greatly exalted. The ozone, discovered in the atmosphere by 
Prof. Schonbein, concerning which much has been said, is 
supposed to be the active form of oxygen. 

71. Preparation, — ^We prepare the purest oxygen, and in 
the readiest way, from chlorate of potash. A portion of this 
salt is powdered, dried, and mixed with about one-fourth its 
weight of black oxide of manganese, or oxide of copper, and 
heated in a flask, retort, or tube, over a spirit-lamp. The 
gas comes off copiously, and is collected in jars over water. 
The pneumatic trough, which is used for this purpose, may 
be any convenient vessel, containing a shelf, and holding suf- 
ficient water readily to fill a jar placed within it, which is 
then inverted and put upon the shelf. The water in tire 
trough must cover the mouth of the jar. The gas is deliv- 
ered by the tube at the open end of Uhe jar, through which 
it lises, displacing the 
water, and gradually fill- 
mg the vessel. This ar- 
rangement is shown in 
Fig. Y. The oxide of 
manganese or copper is 
not in any way changed ; 
it acts by catalysis (31), 
promoting in a very high 
degree the decomposition 
of the chlorate. Chlo- 
rate of potash costs about one dollar per pound, and one 
ounce will yield about two gallons of the gas. Oxygen may 
also be prepared by exposing a mixture of bichromate of 
potash and sulphuric acid, or peroxide of manganese and 

How is pure oxygen gaa beat obtained? What is a poeamatio trough ? How 
Ss the oxygen collected? How does the mangaaess act in piomoting docompo* 
ritioo? 
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Bulpburic acid, to heat. 
When chlorate of potash 
b used, the decomposition 
may be thus expressed. 

Y2. Extent of its Diffusion. — Oxygon is by far the most 
widely diffused of all the elements. It constitutes one-fifth 
by weight of the atmosphere, eight-ninths of the ocean and 
all other waters, nearly one-half of the solid rocks that com- 
pose the crust of the globe, — of every solid substance we 
tee around us, the houses in which we live, the stones and 
Boils upon which we tread, and much more than one-half of 
the bodies of all h>ing animals and plants. This is shown 
by the predominance of the red color upon the Chart. 

73. The discovery of oxygen was made by Dr, Priestley, 
in 1774, and it has been justly pronounced "the capital dis- 
covery of the last century, rivalling in importance the great 
discovery of gravitation by Newton in the preceding cen- 
tury." It disclosed the phenomena of nature in an entirely 
new aspect, exploded the old theories, and laid the founda- 
tions of modem chemical science. A glance at the Chart 
shows that oxygen has a very yide range of combination. 
It unites with all the elements except fluorine, forming com- 
pounds termed oxides. The act of combination is called cm- 
daiion ; the separation of oxygen from a compound is termed 
deoxidation, 

74. Oxygen a Sustainer of Combustion, — The leading 
property of oxygen is the intense energy with which it imitea 



What is said of the difTiisioii of oxygen T 

What effect did the discovery of this gas prodnoe vipoa science ? What strikhig 
fact concerning oxygen does a glance at the Chart reveal ? What is oxidation ? 
Whatisdeoxidation? 

What is the most important property of oxygen ? What is said of oxygen as a 
■apporter of combnstioc ? Give examples. What causes the light and heat in 
oombustion ? Why are they teas intense when combustion takes place in the air f 
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with other substances. So yehement is this action that fire 
is produced, and hence oxygen is the great supporter of com- 
bustion. All substances which bum in the air, bum in pure 
oxygen gas with greatly increased brilliancy. An extinguish- 
ed candle plunged into it is instantly relighted if the least 
spark of fire remain upon the wick. Iron wire bums in it 
with vivid scintillations, and phosphorus with a light so bril- 
liant that the eyes cannot endure it. In all these cases the 
light and heat are produced by the chemical union of the 
oxygen with the burning body, the weight of which is in- 
creased exactly in proportion to the amount of oxygen con- 
simied. All the conmion cases of combustion which take 
place in the air are due to the same cause — the combination 
of its oxygen with combustible substances. It here proceeds 
in a more subdued and regulated way, because atmospheric 
oxygen is diluted with four times its bulk of another gas, 
which if taken alone extinguishes fire altogether. 

75. Illumination, — Two conditions are necessary for 
illumination : a sufficiently high temperature, and the pres- 
ence of solid matter within the heated space. Neither of 
these conditions alone answers the purpose. The burning of 
pure oxygen and hydrogen gases together produces intense 
heat, bat is without sufficient light to be even visible in the 
daytime ; and a fire of charcoal which contains no gas, also 
yields very little light. But if solid carbon be placed withm 
the oxy-hydrogen flame, a brilliant illumination at once ensues. 
The elements of oil, tallow, wood, <fec., with which oxygen 
unites in ordinary burning are chiefly hydrogen and carbon; 
the hydrogen it bums to water (90), and the carbon to car- 
bonic acid (167), both escaping away into the atmosphere. 



What two conditions are essential for illomination? What is said of the bom* 
ing of hydrogen and charcoal? flow can the oxy-hydrogen flame be made to 
give a brilliant light? In the ordinary boming of oil| &C., what takes place ?j 
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76. The affinity of oxygen for l\ydrogen is supehor to its a£ 
finity for carbon. It therefore seizes upon the hydrogen firsts 
where it is present in sufficient quantity, burning it with tba 
production of intense heat. The solid carbon is at the same 
lime set free, and its particles being heated to a luminoui 
whiteness, produce the light which is emitted from the flameb 
The luminous particles of carbon, floating forward as they 
are liberated to the surface of the flame, come in contact with 
atmospheric oxygen, and are there consumed. When the 
burning body contains both elements, but a disproportionate 
amoxmt of carbon, as in spirits of turpentine, more of it is set 
free than can be consumed by the oxygen, and the flame 
smokes. When the hydrogen is in excess, as with alcohol, 
there is much heat, but little light, and no smoke ; when 
mingled, these liquids correct each other's defects, and fomoi 
the basis of " burning mixtures." 

77. Structure of Flame, — Common flame is not, as it ap- 
pears, a solid cone of fire, but a hollow luminous shell, as is 
shown by holding a piece of metallic wire gauze over the 
flame of a common lamp. Fig. 8. Fig. a 

In the centre there appears a dark 
space, surrounded by a ring of light. 
This dark central portion is constant- 
ly filled with gases, formed from the 
tallow or oil by heat, in precisely the 
same manner that they are distilled 
from coal and resin by the gas-manu- 
facturer. The inclosed gases generated at 6, Fig. 9, can- 
not, of course, be burned up until they pass to the surface of 

Why is the hydrogen burned Bret? What produces the light? When will 
flame asioke ? When will the light be defldeut ? How are burning mixtam 
formed? 

Huw is common flame shown to be hollow ? What is contained in thin hdUow 
qiwce? What is said of the argand lamp? Why is the flame pointed ? 
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the flame at a, for want of, oxygen. In argand 
lamps the wick is circular and hollow, and a 
stream of air is admitted to the interior of the 
flame, which thus has a double burning sur- 
face. A tall glass chimney is placed over the 
flame, which secures a strong upward current^ 
and hence an abundant supply of oxygen to tho 
flame. The conical or pointed form of the flame 
IS caused by the rising currents of heated air. 

78. Despritz has shown that the heat evolved in all com- 
mon cases of combustion, depends upon the quantity of 
oxygen consumed, and not upon the amount of the combus- 
tible with which it unites. Thus a pound of oxygen com- 
bining with hydrogen, charcoal, and alcohol, gives in each 
case very nearly the same quantity of heat ; each raising 29 
poimds of water from the freezing to the boiling point. The 
amount of heat produced by equal weights of different 
combustibles, combining with oxygen, he found to be bjs 
follows : 

1 pound of charcoal . . raised from 82^ to 212<3, 78 lbs. of water. 
" wood holding 20 pr. ct. ) ^^ ,, ^^ „ 

of water i 
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alcohol 
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oil or wax 
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hydrogen 
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The quantity of oxygen consumed in these cases varies 
greatly. 

79. Oxidation at Low Temperatures, — But the aflSnity of 



Upon what does the heat of combustion depend ? What is the example oflbred ? 
now mnch water does 1 lb. of charcoal by onion with oxygen raise from the freea- 
ing to the boiling point? Of wood holding SO per cent, of water ? Of alcohol ? 
Of oil or wax ? Of hydrogen ? 

Does oxidation take place at low temperatures ? Does oxygen ever combine witb 
bodies wilhont the production of sensible heat T Is the heat {oodaced the Ibomv 
whether the iron is burned ii^ oxygen gas or mstod in tlM air? 
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oxygen is exerted at low temperatures as well as at high anes 
its activity never ceases. It exists in a free state throughout 
the atmosphere which envelops the globe, and is in constant 
contact with all forms of matter ; attacking every thing with 
which it is not already combined. This slow combustkn^ 
though imaccompanied by light, is always attended with 
heat, although it may not be in sufficint quantity to be meach 
ured. An ounce of iron rusted in the air, or burnt in 
oxygen gas, produces exactly the same amount of heat in 
both cases ; the difference being, that in the former mstance 
the heat is developed so slowly as to take years, while in the 
latter case the same effect is produced in as many minutes. 

80. The cause of decay in vegetable and animal substan- 
ces is the action of oxygen upon the elements of which they 
consist. They are oxidized, or undergo a slow combustion, 
called by Liebig eremacausis, which breaks them up into 
simpler and more permanent compounds. Oxidation is also 
the grand process by which air, earth, and sea are cleansed 
and purified from innumerable contaminations. Putrid va- 
pors and pestilential effluvia are destroyed by a process of 
burning, more slow, indeed, but as really as if it were done 
in a furnace. The offensive impurities which constantly pour 
into rivers, lakes, and oceans are perpetually oxidized by the 
dissolved gas, and the water is thus kept pure and sweet. 
This is the reason why waters that have become foul and 
putrid by absence of air, are sweetened and purified when 
freely exposed to its action. 

81. Relation of Oxygen to Life, — But the most interesting 
relations of oxygen are to the animal kingdom. It is the 
universal supporter of respiration ; and, as this is a vital pro- 
cess, it is a supporter of life. The lungs of land animals 

What is the cause of decay? What is the great cause of purification In air 
lartb, andsea? IIow is this prooeas effected ? 
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(565) and the gills of fish (559) are both adapted to the 
same purpose — to absorb oxygen ; the one from the air, the 
other from water. An animal confined in a given bulk 
of air, having consumed its oxygen, dies. If confined in the 
same bulk of free oxygen, it hves about thrice as long, and 
more than ten times as fast. A mouse placed in a jar of oxy- 
gen breathes veiy quick, becomes highly excited, and springs 
about with the greatest activity. But the effect is too power- 
ful : over-action, fever, and in a short time death, are the result. 

82. The chemical action that here takes place is simple oxi- 
dation, the same that occurs in the open combustion of fuel, 
except in a less intense degree. The oxygen combines with 
the elements of the body, oxidizing or burning them, and the 
products of the combustion pass from the system by the 
various channels. Its action upon the hving system is the 
same as upon dead matter, purely destructive. It enters the 
lungs is absorbed by the blood, and carried to every part 
where blood-vessels are to be found. Every organ, tissue, 
muscle, nerve, and membrane is wasted away, burnt to poi- 
sonous gases and ashes, and thrown from the system as 
dead and useless matter ; and if these constant losses are not 
repmred by the due supply of food, emaciation ensues. The 
fat being most combustible, is burnt first ; the muscles then 
soften, shrink, and decay ; and lastly, the brain is attacked, 
delirium results, and life ceases. This is called starvation : 
it is oxidation, absolute burning to death. 

83. Such is the relation of oxygen to all the animal races 
which inhabit the earth. Its action is essentially and always 

How is oxygen related to the animal kingdom T If an animal is confined in a 
given bollc of air, what results ? If in the same bulk of oxygon gas, what ensues ? 
Describe the effects of placing a mouse in a Jar of oxygen. 

What is the nature of the action of oxygen in this case f How does it aStod the 
system f If food be not taken to repair the waste, what follows ? What, theoi ii 
■tarvaUon? 
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destructive ; and yet it is the sustainer of life — ^the mainspring 
of all vital activity. But if this agent enahrouds the glob^ 
and its office be thus only to bum and destroy, it may be 
asked why it docs not speedily reduce all combustible tlidugs 
to ashes, and the earth to desolation. This quesdon will be 
more properly answered when we come to the chemistry of 
light and vegetation (337). 

8 4 . Oxida tion a Source of Mechanical Power, — ^The chem- 
ical properties of oxygen are a source of power, which is 
made use of to produce the greatest mechanical effects. 
When we say that the affinities of oxygen are enei^tic, it is 
meant that, in combining with bodies, it gives rise to vast 
force. A bushel of coals properly consumed in a steam- 
engine, produces a power sufficient to raise 70 millions of 
pounds weight a foot high (J. Hersciiel). The origin of this 
prodigious force is the chemical union of almost 200 pounds 
of oxygen with the carbon of the coal. Oxidation, or the 
affinity of oxygen for the elements of fuel, is thus the ulti- 
mate source of all steam power. Electric currents and the 
force of electro-magnetism are caused by the combination of 
oxygen with the metals of the galvanic battery ; and in pro- 
portion to the activity of this chemical action is the intensity 
of the effect. In like manner, all muscular force in Miiirtttl ff. 
is produced by the oxidation of carbon and hydrogen within the 
living system (582). Every stroke of the piston — every tele- 
graphic transmission— every motion of the hand — ^is an exhi- 
bition of force which began in chemical changes. Cut off the 
supply of oxygen, and the steam-engine comes to rest, the 
galvanic battery ceases to act, and the animal dies. 

Are the chemical properties of oxygen a source of power? How mnch power li 
produced by tlie combuBtion of a bushel of coals? What is the origin of thli 
torea ? What^ then, is the ultimate source of all steam-power f To what are the 
forees of electricity and electro-magnetism owing ? To what is mascular forat 
BkodooT BemoTOtho oxygen, and what fbiDowB? 



HYDKOQElf. 
Symbol S, eqiav^tnt L 

6S. Pnyiertiee. — Hydrogen is a transparent, tasteless gas, 
tbo lightest of sU known sabstances, having about ^th tha 
weight of common lur. When pure it is devoid of smell, al- 
though, as conunonly prepared, it contains impurities, which 
give to it a disagreeable odor. Hydrogen is never found free 
in nature, but exists in water, constituting Jih of its weight. 
It is an essential constituent of all organized substances, vege- 
table and animal, and is abundantly supplied to plants in 
water, which they possess the power of decomposing. From 
its extreme lightness, hydrogen is better fitted than any other 
substance to inflate balloons, though for this purpose coal- 
gas, from its greater cheapness, is generally osed. 

86. Preparation. — It is best prepared by the action of 
dilute sulphuric acid upon bits of zinc. These are placed in 
a bottle. Fig. 10, to which a cork is Fig. lo. 

tightly fitted. The cork has two tubes 
inserted. The one for admitting the 
acid dips beneath the water ; the other 
leads to a pneumatic trough, where tha 
gas is collected in tumblers or j.ira, in 
the same manner as oxygen (7l). In 
this case the zinc decomposes the water, 
and unites with its oxygen, while the 
hydrogen is set free and escapes. The 
sulphuric acid dissolves the oxide of 
line as fast as it is formed — thus main- 
tuning a clear metallic surface coa- 

WhalBTs iha prapertlea of hydivgra I When IiltfoandT 

Hov Jb H b£flt prepared T Slolfl tht diuigw (bat tak« plsco. Hov a 
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tinually in contact with _____________«_j»^^ 

thcywater. The diagram iToT" '* 

exhibits these changes. Zd-^^j^ 

The portions first collect- | g^, ^"^^^-— Znosot 

ed are not to be used, * — 

as when mixed with air, hydrogen gas is always explo- 
sive. Hydrogen is also obtained by pjissing vapor of water 
(steam) through a red-hot gun-barrel, when the oxygen unites 
with the iron, and the hydrogen is set free. In the same 
manner, when a blacksmith sprinkles water upon his forge- 
fire, the red-hot coals decompose it, foiming carbonic acid 
with its oxygen, while the liberated hydrogen bums with the 
production of increased heat (88). 

87. From its extreme tenuity, hydrogen passes through 
crevices and pores with greater facility than any other sub- 
stance. Dr. Faraday, in his attempts to liquefy it by pres- 
sure, foimd that it would leak and escape through apertures 
that were quite tight to other gases ; its atoms must therefore 
be comparatively much smaller. A bell rung in hydrogen 
is scarcely audible, and when breathed (which, without pre- 
caution, is a dangerous experiment) the voice becomes re- 
markably shrill. Although a gas, and the lightest of aJ] 
bodies, hydrogen is inferred, from its chemical relationships, 
to be a metal. Its gaseous form is no objection to this idea, 
as metallic mercury takes the form of invisible vapor at com- 
mon temperatures, and other metals may be vaporized by heat. 

88. A burning body plunged into hydrogen is extin- 
guished ; it is, therefore, a non-supporter of combustion ; but, 
in contact with oxygen, it bums, emits a feeble blue light, 
and produces an intense degree of heat. The oxy-hydrogen 

What was the result of Dr. Faraday's attempts to liquefy hydrogen ? W hat doet 
this prove ? Why is hydrogen gas inferred to be a metal ? 
Does it support combustion ? What is said of the oxy-hydrogen blow-pipe ? How 
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blow-pipe is a contrivance for mingling a continuous stream 
of these gases in an inflamed jet ; the light produced by this 
flame is faint, but the heat is very great. Substances that 
do not fuse in the hottest blast-furnaces melt in this heat like 
wax. A small bit of lime of the size of a pea placed within 
the oxy-hydrogen jet glows with extraordinary intensity (76), 
producing what is called the Drummond light. Tliis is the 
light made use of, as a substitute for the sun's rays, in the 
solar microscope; it is also employed in coast surveys for 
night-signals. In one case the light emitted by the ball o 
lime was distinctly visible at a distance of 96 miles {D, B, 
Reid). The heating power of the oxy-hydrogen flame is ac- 
counted for by the fact that it is sohd, and not hollow like 
ordinary flame (77), and also that a larger amount of oxygen 
k condensed by union with hydrogen than with any other 
elem.'^nt (78). 

89. Soap-bubbles blown with hydrogen rise in the air, and 
may be set on fire with a candle. With a mixture of three 
parts air and one of hydrogen, when fired, they explode with 
a loud report ; if two parts of hydrogen is mixed with one of 
pure oxygen, the explosion is very violent and deafening. 

90. The term hydrogen signifies water-former. If a jet of 
Hydrogen be set fire to, and a cold dry tumbler be held over 
^he flame, the inside of the glass will be instantly covered 
with a film of dew, which rapidly increases, and at last con- 
denses into drops of water. In all cases where hydrogen is 
burned with oxygen, water is the product. 

istho Drummond light produced? For what is it uaed? How fiir has it beoa 
teen ? How is tlie iieating power of tlie oxy-liydrogen flame accounted for ? 

In wliat condition does hydrogen explode ? 

What is the meaning of the term hydrogen ? Descrtbe the e]q>eriniont witli th« 
tombter. 
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OXYGEN' AND HYDROGEN— WATEB. 

UO =9 
01. Properties. — ^This substance, though familiar to aO^ 
possesses very remurkable properties, and should be care> 
fully studied. Water is composed of the two gases, oxj< 
gen iind hydrogen, in tlie proportion by weight of 8 parti 
oxygen to one part hydrogen ; or by measure, 1 part 
oxygen to 2 of hydrogen. When pure, it is a tasteless, 
inodorous liquid ; colorless in small quantities, but in lai^ 
quantities of a splendid ultramarine blue, as when it forms 
lakes from the melting of Alpine glaciers, and as seen by 
Parry in the polar regions. It is the most abundant and 
widely diiluised of all chemical compounds. It readily as- 
sumes either the solid, liquid, or vaporous state ; and with 
equal facility becomes sweet, sour, salt, astringent, bitter, 
nauseous, or poisonous, as the substances which it dissolves 
possess any of these properties. The importance of water, 
both in the laboratory of the chemist and of Nature, is due 
to this universal solvent power. 

92. Hydrates. — Water unites with acids and bases, form- 
ing a class of compounds called hydrates. These combina- 
tions are often attended with heat ; water combining with 
lime develops sufficient heat to ignite wood. Ships at sea 
have been fired by the accidental wetting of lime in their 
holds. This heat is caused by the passage of the water 
from a liquid to a solid state. 

93. The Water- Atmosphere. — ^All natural water contains 
dissolved a certain amount of various gases, which may be 
expelled by boiling. It then has an insipid, disagreeable 

Why should water be carefully studied? Of what is it composed? In whi4 
proportions ? What is its color ? What is said of its solvent power ? 

What are hydrates? Wlial is sold of the heat produced by these Gombinatlonif 
Qow is it caused? What is said to be dissolved in all natural waters ? Whatli 
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taste ; but upon being exposed to the air a sufficient length 
of time, the gases are redissolved, and the water regains its 
palatable flavor. Oxygen gas is thus absorbed to the ex- 
tent of about four per cent., and the respiratory apparatus 
of fish (branchea, or gills) is so arranged (669) that a cur- 
rent of water is constantly flowing in contact with syietwork 
of delicate vascular membranes, by which the gas is im- 
bibed : hence, strictly speaking, aquatic as well as landf ani- 
mals breathe air. On the summits of high mountains, where 
the air is rarer and more attenuated, less oxygen is absorbed, 
and hence the lakes in the mountainous valleys of Switzer- 
land and the Andes are destitute of fish. — (Brande,) 

94. A. small quantity of air dissolved in water greatly 
diminishes its power of dissolving other gases. If water, 
already saturated with one gas, be exposed to another, the 
second is absorbed only in proportion as the first escapes. 
The proportion of diflferent gases taken up by pure water is 
very variable. Of ammonia it absorbs 780 times its bulk, 
of hydrochloric acid gas 480, and of carbonic acid an 
amount only equal to its own volimie. Of olefiant gas it 
dissolves 12*6 per cent., and of nitrogen and hydrogen but 
1*6 per cent, of its volimie. 

96. Constituents of Common Water, — ^Water which has 
fallen from the clouds as ram, in the country, away from 
cities and large towns, is the purest we meet with, being 
contaminated only with the gases which exist in air. But 
when filtering through the soil and crevices of the rocky 
strata, it dissolves various earthy salts, which, in many 
cases, modify its properties very much. River and creek 

the effect of boiling ? How moch oxygen gas does water contain ? Do fish breathe 
this gas ? Why are lakes on high mountains destitute of fish ? When water god- 
tains one gas and absorbs another, what takes place ? 

What is the purest water ? How does it become impure ?^What water oontaioi 
most ftf these salts? 
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waters usually contain the least of these salts, spring ana 
well water more, and sea- water and mineral waters the 
largest quantity. 

06. Hard Water, — Water derives its quality of hardnesi 
from the presence of these substances, chiefly salts of lime 
(the cadbonate and sulphate). A single grain of sulphate 
of lime will convert 2000 grains of soft into hard water. 
When common soap is put into hard water, instead of dissolv- 
ing in it as it does in soft water, it curdles, cr is decomposed, 
and a new soap is formed, which contains lime instead of pot- 
ash or soda. This new soap will not dissolve, and may often 
be seen upon the surface in the form of a greasy scum. It 
adheres to whatever is washed in it, and gives that unpleasant 
sensation called hardness when we wash our hands. To test 
this quality of water, dissolve a little soap in alcohol, and place 
a few drops of it in the water which it is wished to examine. 
If it remains clear, the water is perfectly soft ; if it becomes 
muddy or opaque, the water is ranked as hard. 

97. Hard Water for Kitchen Use, — Hard water is a much 
less perfect solvent than soft water ; that is, being already 
partially saturated, it dissolves additional substances but im- 
perfectly. It is therefore inferior to it for all domestic uses, 
as tea and coffee making, where solution is to be effected. 

98. Its Effects as a Drink, — The use of hard water as a 
drink is unfavorable in dyspeptic affections. — (Pereira.) The 
bad effects of hard water upon the animal systbm are also 
seen in the horse. " Hard water drawn fresh from the well 
will assuredly make the coat of a horse unaccustomed to it 
stare, and it will not unfrequently gripe and otherwise in- 
jixu-e him." — (^Youatt.) 

To what does water owe its hardness ? What is the effea when aoap Ji pitt taM 
bard water ? How may we test this quality ? 
Why is hard water inferior to soft for domestic porposet Y 
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99. Sea- Water, — The solid constituents of sea- water 
amount to about 3^ per cent, of its weight, or nearly half an 
ounce to the pound. Its saltness may be considered as a 
necessary result of the present ord^r of things. Rivers 
which are constantly flowing into the ocean contam salts 
varying in amount from 10 to 50 and even 100 orains per 
gallon. They are chiefly common salt, sulphate and car- 
bonate of lime, magnesia, soda, potash, and iron ; and these 
are found to be the main constituents of sea- water. The 
water which evaporates from the sea is nearly pure, con- 
taining but very minute traces of salts. Falling as rain 
upon the land it washes the soil, percolates through the 
rocky layers, and becomes charged with snHne substances 
which are borne seaward by the returning currents. The 
ocean, therefore, is the great depository of every thing that 
water can dissolve and carry down from the surface of the 
continents ; and as there is no channel for their escape, they 
of course constantly accumulate. 

100. The continuance of this process for numberless ages 
must inevitably have produced a highly saline condition of 
the ocean. " The case of the sea is but a magnified repre- 
sentation of what occurs in every lake into which rivers flow, 
but from which there is no outlet except by evaporation. 
Such a lake is invariably a salt lake. It is impossible that 
it can be otherwise ; and it is curious to observe that this 
condition disappears when an artificial outlet is produced 
for the waters." — (Foiones,) 

101. The waters of the Dead Sea are much more salt 
than those of the ocean. It is situated at the bottom of an 

What proportion of solid matter is contained in sea-water T From whence is it 
derived ? What are these salts chiefly? Why do these salts accumulate in the 
feaf What is the condition of lakes that have do outlet but by eyapwatlonl 
What is the efibct of creating an artlflcW ontletY 

Whia is said of the Dead Soa t 
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immense basin or valley several hundred feet lower than the 
Mediterranean Sea, and has no outlet. The streams of water 
which flow into it do not raise its level, in consequence of 
excessive evaporation. Its condition is well desciibed by a 
recent traveller. "When bathing in its waters I floated 
upon the surface Uke a log of wood, without stirring band 
or foot. With much exertion I could dive sufficiently deep 
to cover all my body, when I was thrown out again to the 
surface, in spite of all my cflbrts to descend lower. On 
coming out of the water, I found my body covered over with 
an incrustation of salt the thickness of a sixpence." 

102. Mineral Waters, — ^These are such as contain saline 
substances in the largest proportion. Those which abound 
in the salts of iron (carbonates and sulphates of iron) ara 
called chalybeate or ferruginous waters. If the waters are 
brisk and sparkling, carbonic acid gas is present, and they 
are called carbonated or acidulous waters. If the active in- 
gredient be sulphur, the spring is termed sulphurous. If 
the odor of decayed eggs, or the scourings of a foul gun- 
barrel is exhaled, the waters are charged with sulphuretted 
hydrogen. The water of the celebrated Congress Spring, 
at Saratoga, contains, according to Allen's analysis, the fol- 
lowing ingredients in a gallon : 

Chloride of sodium 890,246 grs. 

Hydriodate of soda and bromide of potassium 6,000 '* 

Carbonate of soda 9,218 <' 

Carbonate of magnesia 100,941 " 

Carbonate of lime 108,416 " 

Carbonate of iron 1,000 " 

Silex andalumina 1,086 " 

Total solid contents 611,852 gnk 

What are chalybeate waters? What are addaloiia ? Whatsolphuroust What 
ire the main constituents of Oontp^Bs w«ter ? 
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Garbonio acid 886,188 gn. 

Atmospheric air 8,261 '* 

Total gaseous contents 889,449 grs* 

103. Organic Impurities in Water.- — All natural waters, 
even those which fall from the clouds according to Liebig, 
contain traces of decomposing organic matters in variable 
quantity. To this they owe the quality of becoming putrid 
when kept. In many cases, it is present in such quantity as 
to injure health, derange the bowels, and often produce vio- 
lent dysentery. Stagnant waters, abounding in putrescent 
matter, contain numberless minute animals (animalcula), 
which are sometimes exhibited by means of the solar micro- 
scope ; they are not found in the waters commonly used for 
drink. 

104. Purification of Water, — ^The best method of purify- 
ing water is by distillation (64). This is effected by passing 
the steam from one vessel into another, which, being kept 
cool, condenses it : to render it perfectly pure, it must bo 
redistilled at a low temperature in silver vessels. By filtra- 
tion through sand, or other closely porous media, water may 
be deprived of suspended impurities, and of all living beings. 
Boiling kills* all animals and vegetables, expels the gases^ and 
precipitates carbonate of lime, which constitutes the fur or 
crust often seen lining tea-kettles and boilers. Alum (two 
or three grains to the quart) cleanses turbid or muddy water. 
The alum is decomposed by carbonate of lime, and the alu- 
mina set free, carries down the impurities mechanically; but 
•the sulphuric acid of the alum, combming with the lime, 
forms sulphate of lime, and makes the water harder than 

What is said of the oiKauic matters contained in water ? Does comi&cn drinking 
water contain animalcula ? 

How is water best purified ? What is the eflbct of filtration? Of Iioiling? Of 
olmn? Of the allcalies potash and soda* 
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before. The alkalies, potash or soda, soften water. Thej 
decompose and precipitate the earthy salts, leaving in sola* 
tion an alkaline salt, which does not harden it. 

105. Effect of Leaden Vessels upon Water, — ^Water some- 
times becomes poisonous by contact with lead, as when lead 
pipes, cisterns, roofs, gutters, &c., are used. The purer the 
water, the more liable it is to become impregnated with lead» 
as the presence of earthy salts in solution exerts a protecting 
influence. Spring and well waters are, therefore, less liable 
to this contamination than rain-water, which is purer. Water 
which tarnishes polished lead, when left at rest upon it in a 
glass vessel for a few hours, or which contains less than about 
•g^j^^th its weight of salts in solution, cannot be safely trans- 
mitted through lead pipes without certain precautions. The 
best remedy, where there is danger, is to leave the pipes full 
of water at rest for three or four months, or to substitute for 
the water a weak solution of phosphate of soda. — {^Christison,) 

106. Necessity of Water to Organized Beings. — ^To the or- 
ganic kingdom water is an agent of the first necessity, as its 
abundance and scarcity regulate the distribution of animals 
and plants over the globe. Its properties seem to mark out 
the plan of animated nature. From the highest animal, to 
the meanest vegetable that can grow on a bare rock, this 
ingredient is absolutely required. It is an essential constit- 
uent of all parts of living bodies, forming upwards of one- 
half the weight of all newly gathered vegetable substances 
cultivated by man. 



Is pure or impure water most liable to become poisoned by contact with toadt 
Bow can we determine whether lead will be acted on by water? ViThat is tlM 
best remedy where there is danger ? 

What is said of the importance of water to the organic Idngdom? 

In what two states does water exist in organic bodies? 

What is fhe office of water in the growth of plants ? What is the proportiOB of 
water in blood? Infleih? 
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107. Water exists in most organized bodies in t^vo separate 
states. I^ one it may be regarded as an essential portion of 
the substance, as of sugar or starch in their dryest state (349), 
from which it cannot be separated without breaking up the 
compound. In the other state, it is associated with bodies 
so loosely that it may be removed by drying. The quantity 

that may be thus separated from various articles of diet, 

without injury to the compound, is as follows : Wheat 14 "5 
per cent., rye 16*6, oats 20*8, barley 13*2, Indian com 18, 
peas 16, beans 14*11, potatoes 75*9, turnips 92*6, carrots 
87*6, beet-root 87*8, white cabbage 92*3, blood 80, muscle 
of beef 74, of veal 76, of mutton 71, of pork 76, of chicken 
73, trout 80*6 per cent. — (Pereira.) 

108. Both gases and the mineral elements of soils enter 
the roots of plants dissolved in water. As sap, this watei 
circulates through the various organs, carrying and deposit- 
ing the newly formed substances, yielding up its own ele- 
ments, and ministering perpetually to the growth of the 
plant. 

109. In animal systems the use of water is equally im- 
portant (495). It is the natural drink of all adults, being 
the liquid employed in the body to dissolve and distribute 
the food. Eighty per cent, of the blood {Liehig) and 
seventy-four per cent, of flesh (JBrande) consist of water; 

'- while, to repair the constant waste and loss from the system, 
an adult man requires about three-fourths of a ton per year 
{Draper), The softness, pliancy, and symmetrical fulness 
of the animal body, is produced by the liquids of wXuch it is 
chiefly composed. The tendency of flesh or fresh meat to 
putrefaction, is caused by the large quantity of watery 

How much does a man comame annuany ? What gives symmetry and ftilness 
la the animal form? How does water cause pntreraetlon in flesh? H«w It It 
dkocked? 
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juices it contains. As solution favora chemical action (29), 
putrefactive changes readily set in ; but are checked if the 
flesh be dried, as is often done for the preservation of meats. 

110. Under ordinary circiunsUinccs, water freezes at 32*>, 
and* boils at 212°; it retains its liquid condition, therefore, 
through a range of 180° ; aiid, as in this state only it can 
exist in animals and plants, these limits mark the thermal 
conditions upon which living beings can oontuiue on the 
earth. 

111. A cubic inch of water forms very nearly a cubic 
foot of steam. Water occupies the smallest space, or is 
most dense at 39*83° F. ; if its temperature varies from 
this point, in either direction, it expands in bulk; tills is 
called the point of maximum density of water. In freezing, 
water expands very much, and exerts so great a force as to 
burst the strongest vessels in which it is contained. It is 
thus that the surface of the hardest rocks is crumbled down 
into soil fit for the support of vegetable life ; the water, per- 
colating into minute crevices and fissures in summer, freezes 
in winter, and expands with a force which breaks the solid 
stone. 

112. Snow does not quench thirst, but rather increases it; 
and the natives of the arctic regions " prefer enduring the 
utmost extremity of this feeling, rather than attempt to 
remove it by the eating of snow." — (Copt Hosft.) 

113. The specific gravity of ice is 0*92 {Silliman); it 
therefore floats upon the surface of water. If it sank aa 
fast as it is formed, whole bodies of water would be con- 

Within what limits does water maintain its humidity ? What relation has this 
property of water to liTe ? 

A cubic inch of water torms how much steam ? At what temperature is It mool 
dense ? Does water expand in fl-eezing ? At what temperature is it most deue f 
Bow does this property of water affect rocks ? 

WhaX ]M the sp^idflc grayity of iee ? If it were heavier than wat«r, what would 
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verted into solid ice. During freezing the substances dis- 
solved in water are expelled, hence the ice of sea- water (as 
is well known to saiIoi*s), when melted, foims fresh water. 
Water from melted snow, for the same reason, contains no 
air or gas ; hence fish cannot live in it (^Pereira). One impe- 
rial gallon of water weighs 70,000 grains, or just ten pounds. 
The American standard gallon holds 58,372 Am^^rican Troy 
grains of pure distilled water, at the maximum density. 
One cubic inch weighs 252*458 grains, which is 815 times 
as much as an equal bulk of atmospheric air {Silliman), 
A cubic foot of water weighs veiy nearly 1000 ounces avoir- 
dupois (998*2 oz. Brande), 

pEtJTOXIDE OF HYDROGEN. 
H Oa =±: 17. 

114. This curious compound is formed by chemists, with 
difficulty, by adding to water another equivalent of oxygen. 
It is a syrupy liquid, of a disagreeable odor, a nauseous, 
bitter, astringent taste, and is not frozen by intense cold. It 
is easily decomposed, often with an explosion, and sometimes 
with a flash of light. As yet, it is of no use. 

NrrROGEN {Azote). 
Symbol N, equivalent 14 

115. Properties and Sources. — Nitrogen is a perma- 
nently elastic gas, destitute of either taste, smell, or color ; 
slightly lighter than the air, and remarkable for its negative 



betheresoU? WhatisBaklofUieioeofsearwater? Of water from melted snow I 
What ii tbe weight of a gallon of water ? Of a cable inch ? A cubic foot ? 
What ia the compoaitton of deotoxide of hydrogen? Itapr^pertiM? Ufetf 

1 
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properties, entering reluctantly into union, and, from iii 
proneness to escape, forming very unstable compounds. 
It supports neither combustion nor respiration; a Ughted 
taper introduced into it is instantly quenched, and aniynnh 
placed within it immediately die. It 
has from the latter circumstance been 
called azote (life-destroyer). The term 
nitrogen refers to its origin from nitre. 
It constitutes neai-ly four-fifths of the 
air (see Chart). It is best obtained 
by burning phosphorus in a confined 
portion of air over water (Fig. 11) ; the phosphorus tjikes 
the oxygen forming phos- 
phoric acid, which is soon 
removed by the water, 
and nitrogen is left. The 





POft 



accompanying diagram illustrates the change. 

116. Nitrogen is not found in any of the mineral forma- 
tions of the earth's crust, except in some varieties of coal 
which are of vegetable origin. It is an important element 
of the vegetable kingdom, to which it is probably supplied 
by ammonia and nitric acid, which contain it, and exert 
a very favorable eflfect upon plants (123). It exists in the 
tissues or muscle of the animal body to the amount of 17 
per cent. Whether plants derive then* nitrogen directly 
from the air through their leaves, or dissolved in water 
through their roots, and whether the animal system has 
the power of using or assimilating it when absorbed from 
the air by the lungs, are questions not yet settled by 
chemists. 



What are the propertieB of nitrogen? Why has it been called azote t WImI 

the origin of its present name ? How is it best obtained ? 
|i it found in minerals f How is it sapplied to y^;etablet ? 
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OXYGEN AND NITROGEN.— NITROUS OXIDE. 
{Protoxide of Nltrogeriy Laughing Gas, Exhilarating Octs,) 

NO = 22. 

117. Properties and Preparation. — Oxygen combines 
with nitrogen to form a series of five compounds (see Chart, 
Binary Compounds), remarkable as illustrating in a perfect 
manner the law of multiple combination (21). The first in 
the series is protoxide of nitrogen or nitrous oxide, called 
also, from its peculiar efifects when inspired, laughing gas, or 
exhilarating gas. It is prepared from nitrate of ammonia, 
by heating it in a flask, at a moderately low temperature. 
The gas escapes through a tube, and is collected in jars, 
over water in the pneumatic trough. Four ounces of the 
salt produce one cubic foot of the gas. It should be al- 
lowed to stand for some time over water, to absorb any 
nitrous acid that may happen to be formed. The change 
that takes place is shown in the diagram, one atom of ni- 
trate of ammonia yield- ^_^_____________^_^^^.^^^___^ 

ing two atoms of pro- /• hsn .~^™~....,2 n o 



toxide of nitrogen and 
three of water. Pro- 
toxide of nitrogen is a 
colorless, transparent gas, of a sweetish taste, and very solu- 
ble in water ; cold water taking up about three-fourths of 
its volume of the gas. Its specific gravity is 1*62 ; it sup- 
ports combustion actively, and may be condensed into a 
liquid by a pressure equal to fifty atmospheres. 

118. Physiological Effects, — ^The eflfect of nitrous oxide 
upon the system, when taken into the lungs, is peculiar, and 

For what is the nitit^ien group of compouncUi remartuible 7 What ia the first 
af these? Howisitobtaiaed? Explain the changes. What are ita properties ? 




76 mOBGANIO CHEMIBTBT. 

very remarkable. The best method of breathing it is to UM 
a bladder which has been softened in water, or an India- 
rubber bag filled from the pneumatic trough. A wooden 
mouth-piece attached to the bladder is placed between the 
teeth (Fig. 12), the nostrils are closed p,^ ^ 

by the fore-finger and thumb, and 
the gas inhaled as in common breath- 
ing. Its eflfects are different upon 
different constitutions : on some it 
produces symptoms of stupor, which 
last for a few seconds. Some fall 
senseless, but recover with confused ideas and headache. 
The pugnacity of some is excited ; all articles which are lia- 
ble to injury from the violence of the inhaler should there- 
fore be removed. But the most are affected with pleasura- 
ble sensations — they laugh and skip about as if intoxicated. 
" A feverish glow overspreads the system, a thousand de- 
lightful visions pass before the mind, the man lives a year 
in a minute, and that year is in the seventh heavens." 

119. The celebnited Mr. Wedgwood, "after breathing 
the gas for some time, threw the bag from him, and kept 
breathing on laboriously with an open mouth, holding his 
nose with his fingers, without power to remove them, 
although aware of the ludicrousness of his situation; he 
had a violent inclination to jump over the chairs and tables, 
and seemed so light that he thought he was going to fly." 

120. Mode in which Nitrous Oxide acts upon the Sys- 
tem. — " These effects are undoubtedly due to the oxidizing 



Does it produce peculiar efifects upon the system ? What is the best method of 
breathing it ? What effect does it produce upon different constitutions? 

What does Mr. Wedgwood say of its effects upon himself? 

To what are these effects owing? Why la it more active when breathed thaa 
■xygen? 
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action which the protoxide establishes in the system. In 
this respect it is far more active than even pure oxygen gas, 
and the reason is obvious : oxygen is but slightly absorbed by 
watery fluids, but this gas is taken up by them to a very 
great extent. When it is introduced into the lungs it is 
rapidly dissolved in the blood, and carried by the circulation 
to every part of the body, oxidizing whatever is in its path, 
producing a febrile warmth and an unusual mental disturb- 
ance. * ' — {Draper,) 

121. Deutoxide of nitrogen, NO2, hyponitrous add, N0|, 
and nitrous add, NO4, are compounds of no general interest, 
except as illustrating the laws of chemical union ; I therefore 
omit them. 

IHTRIO ACID {Azotic Add, Aqua Fortis). 

N0« = 54. 

122. Preparation and Uses, — ^This is the most important 
of the chemical compounds of oxygen and nitrogen. It is 
prepared by distilling equal weights of sulphuric acid and 
nitrate of potash; when 
on a large scale, retorts of 
iron or stone-ware are 
used. The reactions are 
seen in the diagram. Pure 
nitric acid is a colorless liquid, of sp. gr. 1'521. It smokes 
when exposed to the air, and is partially decomposed by the 
action of light, nitrous acid being formed, which ^ves it a 
yellow or orange color. It has an intensely acid taste, and 
reddens vegetable blues. It stains the skin and nails, and 
many other animal substances, of a permanent yellow color ; 

How is nitric acid prepared ? Explain the reactiona which take place. What 
■re its pmperties ? What its chief uaea? Why does it rust the metals so powevi 
lUIy? 



SfTo SO3--— ::=:=^KOH02S08 
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and is hence used to produce yellow patterns upon colored 
woollen fabrics. It is used for etching on copper, for assay- 
bg or testing metals, and as a solvent for tin by dyers and 
calico-printers. It is also used in medicine, as a caustic, to 
cleanse and purify foul ulcers. In consequence of its large 
proportion of oxygen, it corrodes or rusts the metals with 
great energy, and hence is the most powerful of oxidizing 
agents. 

123. Nitric acid occurs, in small quantity in rain-w&ter» 
especially after thunder-storms, and is hence supposed by 
some to be produced in the air by lightning, which com- 
bines the gaseous nitrogen and oxygen ; others suppose it to 
be produced by the oxidation of ammonia in the air. It is 
foimd in nature in combination with the alkalies and earths, 
in the soil of various localities. Combined with potash or 
soda, nitric acid is a very valuable fertilizer. Applied to 
young grass, or to the sprouting shoots of grain, it hastens 
and increases their growth. It also occasions a larger produce 
of grain, and this grain, as when ammonia is employed, is 
richer in gluten, and more nutritious in its quality. — (John- 
ston,) 

124. Aqua Regia. — A mixture of nitric and muriatic acids 
is called aqua regia, or royal water, because it alone is capa- 
ble of dissolving the royal or noble metals, as they are termed^ 
gold, platinum, &c. The explosive preparation contained in 
percussion caps (fulminating mercury) is formed by dissolv- 
ing mercury in nitric acid and adding alcohol. 



From what source is it thought to be funiished to rain-water ? What is said of 
its use in agriculture ? 

What is aqua regia ? Whence does it derive its name ? How is the ezploBlw 
preparation of percussion caps formed ? 
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NITROGEN AND HYDROGEN— AMMONIA (Volatile Alkali), 

H3N=17. 

125. Properties and Preparation, — Ammonia is a gas 
formed by the imion of nitrogen and hydrogen. It 

is colorless, irrespirable, of a pimgent, caustic taste, 
lighter than the air, sp. gr. 0*59, and possesses 
strong alkaline properties ; neutralizing acids, and 
changing vegetable yellows to brown. Being a g&s, 
it is called volatile alkali, to distinguish it from those 
that are fixed or solid. It is obtained by heating in 
a flask equal quantities of slaked lime and muriate of 
ammonia ; and as it is lighter than the air, it may be 
collected, by what is termed the method of dis- 
placement, in an inverted vessel (Fig. 13). As the 
gas accumulates in the upper portion of the inverted 
jar it displaces the air, expellmg it downwards. The decom- 
position is shown in the di- 
agram. The great source 
of ammonia in commerce 
is the liquor of the gas- 
works. Ammonia has a 
strong aflMty for water, which absorbs 780 times its bulk of 
the gas. This solution is called aqua ammonia, and is the 
common form in which it is sold and used. 

126. Uses, — Ammonia is used medicinally in various 
ways. It is administered internally as a powerful stim- 
ulant, and applied externally as a counter-irritant, and for 
blistering the skin. It is mixed with olive oil j(l part ammo- 
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What is ammonia ? What are ite propertiea ? How is it obtained ? By what 
method is it collected? What is its chief commercial sonroef What ptoport^ 
of ammonia does water absorb f 

What are its uses in medidnef 
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nia to 2 of oil), and applied externally in sore tlirodt, undei 
the name of volatile liniment. It is applied to the nostrils to 
recover from fainting, and, if procured in time, is the best 
antidote to prussic acid. Aqua ammonia, in large doses, is 
poisonous ; the readiest remedy is vinegar. 

127. Ammonia is one of the most active elements of ma- 
nure ; it is produced by the putrefaction of all organic sub- 
stances containing nitrogen, and as it is highly volatile, it con- 
stantly tends to escape into the air, where it is lost. The 
fluid excretions of animals evolve it in large quantities : if 
these are collected in tanks, and sulphuric acid added, fixed 
sulphate of ammonia is formed in the liquid, and all the am- 
monia is thus saved for farm use. Sulphate of lime (plaster) 
and sulphate of iron (green vitriol) also serve to fix ammonia. 
Those circumstances of decomposition which give rise to am- 
monia, produce at the same time carbonic acid, which unites 
with it, forming carbonate of ammonia. It is in this form 
that it exists in the atmosphere. The application of ammo- 
nia increases the luxuriance of vegetation. It enters the roots 
of plants dissolved in water, and, according to Liebig, is ab- 
sorbed by their leaves from the air. 

THE ATMOSPHERE. 

128. Its Composition, — ^The atmosphere is the thin, trans- 
parent, elastic medium which surrounds the globe, extend- 
ing above its surface to the height of about forty-five miles. 
It was supposed by the ancients to be a simple body, the 
different properties which it manifested being caused by ex- 

What is said of its use in agriculture ? Does it naturally tend to waste? How 
may it be saved ? In what form does it exist in the atmosphere? What are ill 
eStets upon plants? 

What is the atmosphere ? How high does it extend ? Of what does it oonM T 
In what proportions? 
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halations fit>m the ground ; and this opinion prevailed until 
within ahout a century. The air is now known to be a 
compound, consisting, by bulk, of 79 per cent, of nitrogen, 
and 21 per cent, of oxygen; or by weight, of 77 per cent, 
of nitrogen, and 23 of oxygen. (See Chart.) It also con- 
tains about T^W ^^ ^^^^ ^^ carbonic acid, and a minute 
proportion of watery vapor. 

129. Relative Quantities of its Elements. — A very clear 
idea of these quantities may be gained, by supposing the air 
throughout to be of the same density, and its elements sep- 
arated into strata in the order of their specific gravities. In 
such a case the air would extend to a height of about five 
miles. — {Graham.) Its greatest quantity of watery vapor, if 
condensed, would form a stratum of water about five inches 
deep ; the layer of carbonic acid would be about thirteen feet 
deep ; that of oxygen about one mile ; and that of nitrogen 
about four miles in depth. 

130. ConstitvLents and Properties of the Air, — The chem- 
ical properties of the air are chiefly those of the oxygen it 
contains, this gas being diluted and weakened by four times 
its bulk of the negative element, nitrogen (115). As at- 
mospheric oxygen is the universal sustainer of animal life 
(81), its proportion has been admirably adjusted to this ob- 
ject ; or rather, the organization of animals may be said to 
conform to the constitution of the air, because if this were 
changed, disturbance throughout all the orders of living 
beings would inevitably ensue. Were the atmosphere wholly 
composed of nitrogen, life could never have existed, animal 



How may we gain a clear idea of the proportion of its elements ? What would 
be the thickness of each stratum ? 

To what docs the air chiefly owe its chemjcal properties ? If the proportion of 
oxygen in the air were changed, what would follow ? If it were all nitn^en, whai 
would be the mult ? What, were it to consiBt wholly of oxygen ? 
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or vegetable: were it wholly to consist of oxygen, othef 
things remaining as they are, the world would run through 
its career with fearful rapidity ; combustion, once excited, 
would proceed with imgovemable violence ; animals would 
hve with hundred-fold intensity, and perish in a few hours. 
But duly attempered by a large admixture of nitrogen, the 
grand functions of the animal races, of which it is the main- 
spring, are carried forward at a measured rate, and within 
regulated hmits. 

131. Carbonic Acid of the Air. — The proportion of car- 
bonic acid diflFused through the air, always minute, varies 
slightly in diflferent situations. There, is less in the air of 
the coimtry than in that of cities ; less over the sea than 
over the land ; less over a moist soil than over a dry one, 
because it is rapidly absorbed by water. It is furnished to 
the air by animals, which continually exhale it from their 
lungs (595). It is produced in vast quantities by combus- 
tion, by putrefaction and decay ; and it escapes in immense 
volumes from volcanoes, both active and extinct. — {Fownes,) 
On the other hand, it is absorbed by the leaves of all plants, 
and is necessary to their growth. 

132. Watery Vapor of the Air. — The atmosphere also 
contains more or less of watery vapor, which seems to be 
essential to both animals and plants, as neither of them can 
live in perfectly dry air. The proportion of moisture in the 
air depends upon the temperature ; the hotter the air, the 
more it will hold ; the cooler, the less : 100 cubic inches of 
air at 57° contains '35 of a grain of watery vapor. — {Brande,) 
When the atmosphere is saturated with moisture, that is, 
contains all it can hold, if its temperature falls, a portion of 

What is said of the proportion of carbonic acid ? From whence is it derived t 
Does watery vapor in the air perform any useful office? Upon what does Ut 
proportion hi the air depend ? What is the cause of dew 1 
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its water will fall, or be deposited. It is thus cooled at 
night, which causes the deposit of dew. 

133. When two currents of air of different temperatures, 
saturated with moisture, meet and mingle, the resulting mean 
temperature falls below the point necessary to hold all the 
water in a state of vapor ; a portion of it, therefore, must f^ll. 
This is supposed to be a cause of clouds and rain. Thus south- 
erly winds saturated with humidity, toming in contact with 
the colder air of northern latitudes, usually give rain. For 
the same reason, the contact of air in motion with the cold 
surface of the eartli must cause the precipitation of water. 
This explahis the differences in the quantity of rain collected 
at different elevations in the same place. Thus the annual 
fall of rain in London, as measured by a rain-gage, was 
ascertained to be, at a height of 242 feet, 15 '9 inches; at 
Is feet, 20*4 inches ; and upon the ground, 24*4 inches ; 
showing that the air is more cooled near the ground, and, 
consequently, deposits more rain. The annual fall of rain 
is greatest at the equator, and diminishes towards the poles. 
At Granada (lat. 12° north), it falls to the depth of 126 
inches ; at New York (lat. 40° north), its depth is 40 inches. 

134. Snow-flakes. — ^When clouds form, at a temperature 
below 32°, the vapor freezes into an infinity of delicate 
needle-like crystals, which deviate from each other at angles 
of 30°, 60°, or 120°, giving rise to beautiful hexagonal and 
star-like figures. This is the crystalline structure of the 
snow-flake, shown in Fig. 14. Snow differs very much in 
the arrangement of these spicule ; but the flakes are all of 
the same configuration in the same storm. 



What is the cause of cloads and rain 7 What is said of the difference in the 
ftU of rain at different elevations 7 What at different latitudes 7 

What Is the origin of snow-flakes 7 What their crystalline structure 7 Have they 
ilways th« same figure 7 
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Fig. 14. 




135. Additional Substances in the Air, — Liebighas showa 
that the air also contains minute traces of ammonia, which 
are washed down^ and may be detected in rain-water. In- 
deed, as the sea contains a httle of every thing that is 
soluble in water (99), so the atmosphere may be conceived 
to contain a httle of every thing that is capable of assuming 
the gaseous form. The odorous emanations of plants, the 
miasms of marshes, and principles of contagion, though aU 
producing effects upon the human body, cannot be collected 
from the air, nor even their presence detected by chemical 
tests. It is supposed that these substances do not exist in 
the true gaseous state, but are composed of fixed organized 
particles, which float about suspended in the atmosphere^ 
like the pollen of flowers.- They are all, however, oxidized 
and destroyed, as the air contains within itself the means of 
its own purification. 

136L The Law of Gaseous Diffusion. — The oxygen and 

What other substances naturally find their way into the atmosphere ? In whM 
fbm are many of these substances supposed to exist ? 

U the atmosphere a chemical compound? By what law is the intermlxttira ai 
i» gaaei regulated % How is its operation illostrated ? 
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nitrogen gases, of which the air is chiefly composed, are 
not chemically united with each other, but only mixed to- 
gether mechanically. If we mingle them in a vessel in the 
same proportions, we get an artificial air, having the same 
properties as the natural air. This uniform intermingling of 
the gaseous elements is brought about by what is called the 
law of gaseous diffusion. Its operation may be thus shown : 
two vessels are to be placed one above the other, ^ig. is. 
and connected by a narrow tube of any convenient 
length (Fig. 15). The lower vessel may be filled 
with carbonic acifl. gas, and the upper vessel with 
hydrogen gas. After a short time the carbonic acid, 
although twenty times heavier than the hydrogen, 
will be found to have ascended into the upper ves- 
sel; while hydrogen will have descended into the 
lower one, — a complete intermixture of the two gases 
in equal proportions having taken place against the action 
of gravity. 

137. This effect will be produced even though a barrier, 
as a membrane of India-rubber, intervene. The force with 
which gases thus diffuse into each other is very great. 
Dr. Draper has proved that sulphuretted hydrogen will dif- 
fuse into atmospheric air, though resisted by a pressure of 
fifty atmospheres, equal to the weight of a column of water 
more than 1500 feet in height. In like manner, all gases 
possess the power of diffusing into each other, although at 
different rates of velocity, depending upon their density: 
the lighter the gas, the more rapid is the diffusion. 

138. This principle is of the utmost importance in rela- 
tion to the air, because if either of its constituent elements 
were to separate from the mass, the extinction of life would 

What Ib said of the force with which gases diffuse into eadi other f 
Why is this principle of the greatest importanoe f 
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follow. Dr. D. B. Reed assumes that the ezhalatioiis from 
the luDgs and skin of a single human body vitiate, or spoil 
for breathing, ten cubic feet of air per minute, or about 
90,000 gallons per day. This foul air, with that formed 
by innumerable other sources of contamination, is perpetu- 
ally removed by diffusion, and the atmosphere is thus pre- 
served respirablc and pure. 

139. Relations of the Atmosphere to the Living World, — 
But it is in its relations to Hving beings that the atmos- 
phere appears of the highest interest. The vegetable world 
is derived from the air. It consists of condensed gases that 
have been reduced from the atmosphere to the solid form, 
through the agency of the sun's light (329.) On the other 
hand, animals which derive all the material of their struc- 
ture from plants, destroy these substances while living, by 
respiration, and when dead, by putrefaction ; thus returning 
them again, in the gaseous form, to the air from whence 
they came. In respect to air, the offices of plants and ani- 
mals antagonize. What the former derives from the air, 
the latter restores to it. It is the great link between the 
two worlds of organization. From the atmosphere all liv- 
ing beings came, and to it they must all return. " It is the 
cradle of vegetable and the coffin of animal life." We shall 
study this matter further in Organic Chemistry. 

140. Weight of the Air. — A column of air one inch square, 
and extending upward to the limit of tne atmosphere, weighi 
about fifteen pounds ; it therefore exerts a pressure on every 
square inch (at the level of the sea) equal to this weight; 
but as we pass upward the air expands, becoming more thin 



From whence is the vegetable world derived 7 What does it consist of? Whit 
|i said of animals ? What, then, is the relation of plants and animals ? 

What is the weight of a column of air, one inch high, extending to the top oh 
dw atmoephere ? What do we find as we pass upward? How far moik a gal* 
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and light as the elevation mcreases. A gallon of air, removed 
from the ground to the height of 11,556 feet, would expand 
into two (Brande) ; at twice this height its density would be 
again diminished one-half, and so on. This rarefaction in- 
creases so rapidly, that a cubic inch of air at the surface of 
the earth, if raised to a height of 500 miles, would expand 
80 as to fill a space equal in diameter to the orbit of Saturn. 

141. Curve of Congelation. — ^The temperature of the air 
decreases one degree for every 350 feet of elevation ; there 
is, therefore, over all places, and at all seasons, an altitude 
at which it falls to. the freezing point. At the equator this 
point is located 15,000 feet above the level of the sea. At 
latitude 40° it is 9000 feet, at 75° 1000, while at the poles 
it sinks into the ground. This forms what is called the line 
or curve of perpetual congelation. Air expands j^ of its 
bulk for every degree of temperature through which it rises. 
One hundred cubic inches of piu'e air weigh 30*829 grains. — 
{Regnault.) Air, assumed as 1, is taken as the standard of 
the specific gravity of gases — ^temperature 60°, barometer 30 
inches. 

(For an account of the physical properties of adr, the pupil 
b referred to the Natural Philosophy.) 

CHLORINE. 
Symbol CI, equivalent 86*6. 

142. Source and Preparation, — Chlorine is a gas of a 
greenish color, as its name implies, and is about two and a 
half times heavier than air. It supports combustion, though 

Ion of air be taken upward from the ground to double its bulk 7 What is eaid of 
the expansion of a cubic inch of air ? 

In what ratio does the temperature of the air decrease as we ascend ? What Is 
meant by the cnrve of perpetual congelation ? What is its height at the equator ? 
Atlat.4007 What is the rate of expansioa of air ai we ascend? 
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Fig. 16. 



less perfectly than oxygen, and combines directly with the 
metals, forming a class of bodies called chlorides. It is 
found abundantly in nature, existing in common salt to the 
amount of 65 per cent, in union with sodium. Chlorine is 
best prepared by the action of three parts of hydrochlorio 
acid upon 1 part of black oxide of manganese, in a flask, by 
the aid of heat. The 
decomposition may be 
traced in the accompa- 
nying diagram. It may 
be collected in the pneu- 
matic trough over hot water or strong brine, but is absorbed 
by cold water. It may also be collected by carrying the 
tube to the bottom of an open vessel ; 
the chlorine rises and expels or dis- 
places the air (Fig. 16). 

143. Bleaching Properties of Chlo- 
rine, — It is easily dissolved hi cold 
water, and in this state exerts a re- 
markable bleaching power over vegeta- 
ble colors. It is principally used in 
bleaching cotton cloth and paper. The 
bleaching-powder of commerce is chloride of Hme. Chlorine 
is also a powerful disinfectant, and is used to destroy the bad 
effluvia of sick rooms ; but in these cases it requires to be 
used with caution, as it is excessively irritating to the lungs. 
Its bleaching and disinfecting properties are due to its strong 
affinity for hydrogen, which it takes away from coloring and 
putrescent substances, thus decomposing them entirely. 



AB> 




What is chlorine ? What are its properties ? Where is it fomid 7 How ob» 
tained ? How may it be collected ? Explain the changes. 

How does chlorine affect y^otable colors ? To what other use is it applied ? Ta 
What does it owe its bleaching and disinfectant properties 7 
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144. Humboldt discovered that chlorine possesses the 
power of quickening the germination of seeds. Old seeds, 
which could be made to grow by no other process, germi- 
nated promptly when steeped in a weak solution of chlorme 
in water. Chlorine is said, when respired in very minute 
quantity, to alleviate the symptoms of consumption. It is 
also stated that workmen employed in bleaching establish- 
ments, and other places where chlorine is used, are less liable 
to this disease than others. 

HYDROCHLORIC ACH) {Chtorohydrie Acid, Muriatic Acid). 

H CI r= 86-6. 

145. When hydrogen and chlorine gases are mixed in the 
dark, they do not unite; but exposed to diffused daylight, 
they gradually unite, and if to direct sunshine they combine 
explosively, forming hydrochloric acid, which is a transpa- 
rent, colorless gas, having intense acid properties. It is usu- 
ally prepared by adding oil of vitriol to common salt, and 
submitting the mixt\ire to 
the action of heat. Its 
ordinary form is a liquid 
solution, as it very freely 
dissolves in water. Salts 
formed from it are called muriates, or hydrochlorates. This 
acid exists in the gastric juice, and assists in dissolving the 
food. 

For what other purpoees has chlorine been usedf 

What is hydrochloric acicU and how is it formed? What are its salts called t 
Where is it found? 
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FLUORINE. 
Symbol F, equivalent 18*70. 

146. Fluorine exists combined with calcium, as fluoride ol 
calcium, or fluor spar. In this state it is a minute ingredient 
of bones, especially of the enamel of the teeth. It has never 
yet been separated, but is supposed somewhat to resemble 
oxygen in its properties, as it does not form a compound with 
it. Fluorine combines with hydrogen, forming hydrofluoric 
acid, which is remarkable for its property of corroding glass. 

IODINE. 
Symbol I, equivalent 126*36. 

147. Iodine is a grayish-black solid, of a metallic appear- 
ance, resembling black-lead. It is obtained chiefly by leach- 
ing the ashes of sea-weed (kelp), but it sometimes occurs in 
the waters of springs. It dissolves freely in alcohol, but very 
sparingly in water, has a smell similar to chlorine, and com- 
bines with starch, forming a deep blue compound (iodide of 
starch). It stains the skin brown, and yields a fine purple 
vapor when heated. If a polished silver plate is held over 
this vapor, it first becomes of a yellow color, then violet, then 
of a deep blue, owing to the combination of the iodine with 
the silver. The iodide of silver thus formed is decomposed 
by light. The daguerreotype process depends upon this 
principle. 

What is said of fluorine 7 

What is iodine? How is it obtained t What are Us properties? WhaiisKld 
i^itsTapon? 
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BROMINR 
Symbol Br, eqtUvalerU 78*26. 

148. Bromine is a heavy, brownish-red liquid, of a suffo- 
cating odor, and is derived, like iodine, from the sea. Both 
iodine and bromine combine with metals, like chlorine, form- 
ing iodides and bromides. They also unite with hydrogen, 
forming acids — ^the hydriodic and hydrobromic acids. Iodine 
and bromine are also used medicinally in the treatment of 
scrofula and for dispelling tumors. 

CAilBON. 
Symbol 0, equivalent 6. 

149. This important substance is familiarly known as char- 
coal. It is widely diffused in nature, and is the solidifying 
element of all living structures. By casting the eye upon 
the Chart, we see at once that it belongs chiefly to the or- 
ganized kingdom, constituting about one-half the weight of 
dry vegetable and animal substances. Carbon exists in sev- 
eral allotropic forms (42), displaying properties remarkably 
different in each case. 

150. The Diamond. — ^This is the purest state of carbon. 
It is a crystal, having the figure of two pyramids applied 
base to base. The diamond is the hardest substance known, 
and can only be wrought, or cut, by rubbmg one against an- 
other, or by the use of diamond dust. Diamonds are ground 
or cut, usually, into two forms, by means of diamond powder 
worked with olive oil upon a wheel of soft steel. The rose 
diamond is cut into a hemispherical form, but rises to a point, 

What is bromine 7 For what is it used? 

What is carbon? VHiatfiict does a glance at the Chart communicate conoeming 
carbon? 
What is the diamond? How are diamondi cut? Why cot thus? What is the 
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and has twenty-four flat, triangular faces (facets); thest 
facets reflect the light, and give the gem a glittering appear- 
ance. The brilliant is cut with a flat face, or table, upon 
the top, sunK)unded with facets ; it has the finest effect, but 
requires tlie sacrifice of a larger portion of the gem. A bril- 
liant-cut diamond is esteemed equal in value to a rough one 
of twice the weight, besides the cost of working it. Dia- 
monds are of various colors, but the most valuable are color- 
less and limpid. The snow-white, transparent diamond, is 
said to be of the Jirst water, 

151. Value of Diamonds. — Diamonds are sold by the 
carat, a carat being equal to folu- gr^ns. — ( Ure.) They in- 
crease in value not in proportion to their weight, but in pro- 
portion to the square of their weight. Thus, the value of 
three diamonds weighing 1, 2, and 3 carats, is as 1, 4, and 9. 
The average value of wrought diamonds weighing one carat 
is $40 (Brande) ; one of two carats will be valued at $160 ; 
three carats, $360 ; 100 carats, $400,000. 

152. The largest known diamond is probably that called 
the Kooh-i-noor (mountain of light), of the East Indies. It 
was discovered in the mines of Golconda just 300 years ago. 
When rough it is said to have weighed 900 carats. It is of 
the rose form, and was reduced to 2*79 carats by cutting. It 
has caused several wars, and has been six times violently 
wrested from its possessors. The British have at last seized 
it, and transferred it to England, that the benighted pagans 
may stop quarrelling about it ( ! ). It has never been sold, 
but $10,000,000 is talked of as the price, equal to about 
seventeen tons of gold. 

"■ : i • 

Ibnn of tbe rose diamond? What of the brilliant? What are diamonds <tf tht 
$r*t water ? 

How are diamonds sold ? What determines their value ? 

What is the history of the Kooh-i^uxw ? 
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153. Uses of the Diamond. — From its extreme hardness, 
the diamond is used for cutting glass, for drilling apertures 
through other gems, for the pivot-holes of delicate watch- 
work, also to form the holes through which extremely fine 
wire is drawn. It refracts light powerfully, and has been 
used for the lenses of microscopes. The diamond is very 
difficult of combustion, but may be burned in pure oxygen 
gas. Pepys sealed up a diamond in a piece of pure soft iron, 
and exposed it for some time to an intense Leat ; when ex- 
amined, the diamond had disappeared, and the iron was con- 
verted into steel, which is composed of carbon and iron. The 
diamond is thus known to be pure carbon. 

154. Plumbaffo, Gfraphite, or Black-Lead, — This is another 
form of carbon, having a metalline appearance, and contain- 
ing a small proportion of iron. It resists quite a high degree 
of heat, and is used to make crucibles. It is also used for 
marking on paper, being sawn into slices and fitted into the 
grooves of cedar pencils, or rounded for ever-pointed pencils. 
It is also employed to reheve the friction of machinery, in- 
stead of oil or grease ; also for giving lustre to iron, as stove- 
blacking. In this form it is often adulterated with 50 per 
cent, of lamp-black, which may be detected by exposing the 
suspected article for some time to a cherry-red heat, in the 
open air. The lamp-black will bum away, and its amount 
may be determined by the loss of weight. 

155. Another variety of carbon is lamp-black. It is the 
soot deposited from the flame of pitchy or tarry combus- 
tibles. It is usually made by burning the refuse rosin left 
by the distillation of turpentine. The smoke is conducted 

For what is the diamond used? Is it combustible? How is it proved to be 
purecarbmi? 

What is plumbago? What are its uses? What is said of stove-blackiiig? 
Bow.ls the cheat detected? 

What is lamp-black? Howiaitmade? For what is it used? 
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through long horizontal flues, tenninating in chambers hung 
with old sacking, upon which the lamp-black is deposited. 
It is used for making printers' ink and black paint. 

156. Charcoal is that species of carbon which is produced 
by burning vegetable or animal substances out of contact 
with the air. Every one knows it is a black, inodorous^ 
insipid, insoluble, brittle substance, applied to numerous 
uses. Common charcoal is made by piling billets of wood 
together in a conical heap, covering it with earth, and burn- 
ing the mass slowly, with but a partial access of air. By 
the usual process of coal-burning in forests, about 18 per 
cent, of the weight of the wood is obtained ( Ure), although 
the amount varies greatly. 

157. Charcoal seems to be soft ; but if the fine powder, 
in small quantity, be rubbed between plates of glass, it is 
found that the little particles are very hard, and able to scratch . 
the glass almost as easily as the diamond itself. — {Norton,) 

158. Charcoal as Fuel. — Charcoal is very combustible, 
and is extensively used for fuel. When pure, it bums with- 
out flame, although it usually contains water, which, during 
the combustion, is partially decomposed into carburetted 
hydrogen, which bums with a slight flame. A cubic foot of 
charcoal from soft wood weighs, upon an average, from eight 
to nine pounds; and from hard wood, twelve to thirteen 
pounds. Hence the hard- wood coal is best adapted to pro- 
duce a high heat in a small space. Yet equal weights of the 
dififerent charcoals yield equal quantities of heat. Upon an 
average, a pound of dry charcoal will heat 73 pounds of 
water from the freezing to the boiling point. — ( Ure.) 

What is charcoal ? What are its properties ? How is it made? What per ONib 
Bf charcoal is obtained from a given weight of wood by this process ? 

What is stated concerning the hardness of charcoal ? 

To what is the slight flame sometimes seen upon burning charcoal dn*? WlUM 
^ its weight 7 Upon what does the valae of charcoal, as ftiel, depMid ? 
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169. Chxircoal very indestructible, — Charcoal is a very tin- 
changeable substance, as it is not affected at common tem- 
peratures by air or moisture. The beams of the theatre at 
Ilerculaneum were converted into charcoal 1700 years ago, 
when that city was overwhelmed with lava, and remain as 
entire as if they had been charred but yesterday. Wooden 
stakes or piles are rendered more durable by charring upon 
the surface, before driving them into the ground. Most of 
the houses in Venice stand upon piles or stakes, the extremi- 
ties of which are charred for their better preservation. 
Oaken stakes have been recently found in the bed of the 
Thames River, where they are supposed to have been driven 
at the time of the invasion of Julius Caesar. They were 
charred to a considerable depth, and were firm at the heart. 

1 60. Absorbent Property of Charcoal, — Charcoal possesses, 
in a remarkable degree, the power of absorbing different 
gases, and condensing them within its pores. It will absorb 
90 times its bulk of ammonia, 35 times its bulk of carbonic 
acid, of oxygen 9 times, and of nitrogen Y times its bulk 
{Saussure), When charcoal already saturated with one gas 
is put into another, it gives out a portion of the gas already 
absorbed, and takes up a portion of the new gas. Recently 
burned charcoal imbibes watery vapor from the air very 
greedily. By a week's exposure to the atmosphere, it thus 
increases in weight from 10 to 20 per cent. This property 
of absorption varies with different kinds of charcoal. It is 
possessed in a higher degree by those containing the most 
pores, that is, where the pores are finer, and in a lower 
degree by the more loose and spongy sorts. " A cubic inch 



What is the jflbct of surface-charring upon the dorability of wood 7 Examples. 

What property does charcoal possess to a remarkable degree ? What kind of 
charcoal is the most absorptive 7 What extent of internal snrface has a eubio iadk 
•fduurcoal? Wherearethegaaescondeoaed? 
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of charcoal," s«iys Liebig, " must hafe, at the least compu- 
lation, a surface of 100 square feet." It is upon this interior 
pore-surface that the gases are condensed, and in proportion 
to its extent is the quaatity absorbed. 

161. Other substances besides charcoal, in fact all solids, 
porous or otherwise, are supposed to possess, in various de- 
grees, this power of condensing gases upon their surfaces. 
The black powder of platinum absorbs 800 times its bulk 
'of oxygen gas. The gas in this case must be condensed al- 
most to the condition of a liquid. If now a jet of hydrogen 
is projected upon the platinum, it unites with the oxygen, 
heat is liberated, water formed, and the metal becomes red- 
hot. Faraday has lately shown that the porous condition 
of the platinum is not necessary, as a similar effect may be 
produced by a clean bright slip of the metaL 

162. Preservative Power of Charcoal. — Connected with 
this property is the power which charcoal possesses of re- 
moving offensive odors and checking putrefaction. It is 
a powerful antiseptic. Charcoal-powder, newly prepared» 
when rubbed upon tainted meat, restores it to sweetness. 
By charring the inside of casks, water may be kept in 
them a long time without spoiling. Vegetable substances 
containing much water, as potatoes, are more completely 
preserved by the aid of a quantity of charcoal. The bad 
odor sometimes acquired by clothes is removed by wrapping 
them with charcoal. Filters are constructed for purifying 
water, by passing it through layt rs of charcoal of different 
degrees of fineness. 

163. JBone-hla^k. — The charcoal from bones is called hone- 
black or ivory-hlackj and is of course loaded with mineral 

Do other sabstanccs possess this power ? 

What is stated of the antiseptic or presenratiTe properties of charcoal ? In whit 
way is it used for this purpose ? 
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matter (phospliate of lime) ; but for clarifying purposes, it 
is superior to wood charcoal. It is extensively used in sugar 
refining to discharge the color of the raw article. Vinegars, 
wines, and syrups are also decolorized by the same agent. 
Payen has recently shown that this power of the charcoals 
depends upon the more or less complete state of subdivision 
among their particles, and that animal charcoal is superior 
to vegetable only because its mineral matter serves to keep 
the carbon particles further apart. The beneficial use of 
charcoal upon soils, and in the manufacture of artificial 
manure {Povdrette), is explained by this property of absorp- 
tion. 

164. Other Uses. — Charcoal is also used for making gun- 
powder and fireworks, and, being a bad conductor of heat^ 
for casing iron steam-pipes. Some varieties contain silex 
(sand), and aroused for polishing metals. Charcoal. is of 
great value in separating metals from their oxides in the 
smelting furnace, as, at a high temperature, it has a power- 
ful affinity for oxygen. 

165. Coke. — ^This is a black, porous mass left after heat- 
ing pit coal with the air excluded, as is done in iron retorts 
for the manufacture of illuminating gas (ITY). It ignites 
with difficulty, but is capable of producing, by its combus- 
tion, a higher temperature than any other fuel, bulk for bulk. 
Spanish black is the charcoal of cork. Black crayons are 
made from the charcoal of the willow. 

166. Source of the Carbon of Plants. — ^Plants derive their 
carbon from carbonic acid, most of which they absorb from 

What ia bone-black ? For what is it employed? Why is this superior to y^po> 
table charcoal ? 

Mention some other uses of charcoal. 

What is coke ? Its properties ? What is Spanish blade ? 

Wheoee do plants derive their carbon? What was fbnneriy sappoied oonoHi^ 
tngtt? 
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the ak througb tlie medium of the leaves. It also comes in 
through the roots dissolved in water. It was long supposed 
to be derived from tlie vegetable mould {humtis) of the son, 
which got into the plant before complete decomposition ; but 
this opinion is now mostly abandoned. 

CARBONIC ACID. (Fixed Air, Chalk Acid, Mephitie Air, Choak 

Damp of Miners,) 

C 0, = 22. 

167. Carbon unites with oxygen in two proportions (see 
Chart), forming carbonic acid, C Of, and carbonic oxide, C 0. 
Of these compounds, the first is by far the most important. 
Carbonic acid is a colorless gas, with a slightly sour taste, 
and is about half as heavy again as air. It exists abundantly 
in the mineral crust of the globe (hence called fixed air), in 
combination with the earths and alkalies, and is found also in 
the atmosphere in a pure state (131). It exists in limestone 
to the extent of 44 per cent, of its weight, and is best ob- 
tained by the action of muriatic acid upon powdered marble. 
Any strong acid will do. The change is exhibited in the 
diagram. It m&y be col- 
lected by displacement 
(142), as it is very soluble 
in water. A cubic inch 
of marble will yield four 
gallons of the gas. It extinguishes fire. A candle dipped 
into it goes out at once; and if poured upon flame, it 
quenches it as quickly as water. 



What is the composition of carbonic add ? Its properties ? How is it belt obi 
tained? How collected? Describe the decomposition. How much gai does • 
oabio inch of marble afford? What is its eflbct upon fire? 
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168. Sijlid Carbonic Acid. — ^Under a pressure of 36 ftt- 
mospheres (upwards of 500 pounds on the square inch), 
carbonic acid shrinks into a colorless liquid of sp. gr. 0*83, 
at 32°. When this pressure is suddenly removed from the 
liquid acid, it expands into a gas with such rapidity, that one 
portion absorbing heat from the other, freezes it into a white^ 
filamentous solid. This solid carbonic acid, when dissolvea 
in ether and evaporated, produces the most intense cold 
known (67). 

169. Sources of Carbonic Acid, — Carbonic acid is pro- 
duced very abundantly in nature. The burning of fuel 
(which always contains carbon) in the open air yields it in 
vast quantities. The combustion of a bushel of charcoal 
produces 2500 gallons of this gas. It is also formed within 
the bodies of all animals, by the imion of atmospheric oxygen 
with the carbon contained in the system, and escapes through 
the lungs, by respiration, into the air. Each adult man ex- 
hales about 140 gallons per day. — {Davy,) Its quantity va- 
ries at different times, being greatest after a meal, and least 
during sleep and fasting. Children exhale more carbonic 
acid, in proportion to their weight, than adults. About 4 
per cent, of the inspu-ed oxygen is converted into carbonic 
acid at each respiration; and the bulk of carbonic acid 
formed is exactly equal to that of the oxygen consumed in 
producing it. 

170. The test of carbonic acid is clear lime-water, which 
it turns milky, by forming insoluble carbonate of lime. To 
prove that it is produced both by combustion and respira- 
tion, invert an empty jar over a burning candle for a short 

What preesure converts it into a liquid ? How is this liquid fW)zen ? 

Mention some of its sources in nature. How much does an adult man ezhala 
daily ? What per cent, of the inspired air is changed to carbonic acid ? 

What is the test of carbonic add? How ia it prored that it is produced both bj 
•ombnstion and respiration ? 
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time ; then agitate in the jar a little lime-water. It will 
become turbid at once. With a glass tube or tobacco-pipe 
breathe through another portion of lime-water, and the sains 
effect will be produced. 

lYl. Carbonic acid exists in all natural waters, and from 

e.xnany mineral waters, as those of Saratoga, it constantly 

escapes, causing them to sparkle, and giving them a lively, 

pungent taste. Soda-waters are such as have been charged 

artificially, by various processes, with carbonic acid. 

172. Its Physiological Effects. — Carbonic acid gas, when 
respired, destroys animal life: this it does in two ways. 
When breathed pure it produces spasm of the glottis, closes 
the air-passages, and thus kills suddenly by suffocation. 
When diluted with even ten times its bulk of air, and taken 
into the system, it acts as a narcotic poison, gradually pro- 
ducing stupor, insensibility, and death. Its poisonous effects 
upon the constitution are sensible, though mixed with suffi- 
cient air to sustain the combustion of a candle. When re- 
spired in the lowest poisonous proportion, the symptoms 
come on very gradually, and the transition from life to death 
is usually tranquil. The effects resemble those produced by 
excess of opium. 

173. Persons sleeping in close * partments are sometimes 
suffocated by the fumes of burning charcoal — carbonic acid 
gas. It often accumulates at the bottom of wells and in 
cellars, stifling those who may unwarily descend. To test 
its presence in such cases, lower a lighted candle into the 
suspected places : if it is not extinguished, the air may be 
breathed safely for a short time ; if the light goes out, it witt 
be necessary before descending to throw down dry-slaked lime. 



In what waters does carbonic acid exist? 

Is carbonic acid respirable ? What are its eflbcts upon animal life T 

What precautions should be taken against the effects of carbonio aoidT 
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07 a consdderable quantity of wat^, or to raise and depress 
an inverted umbrella in it repeatedly, in order to mingle it 
with the air. To resuscitate those who have been exposed to 
the poisonous action of carbonic acid, dash cold water upon 
them freely, rub the extremities, and, if the body is cold, 
administer a warm bath. Carbonic acid is used to suffocate 
insects, as butterflies, when it is desired to preserve the 
colors perfect. The Lake of Avemo, afl&rmed by the an- 
cients to have been the entrance to the infernal regions, 
evolves so large a quantity of carbonic acid gas that birds 
flying over it drop with suffocation. Carbonic acid unites 
with bases forming a class of salts — the carbonates. 

CARBONIC OXCDEL 
C O = U. 

1*74. Carbonic oxide, C 0, is a gas produced by burning 
carbon with an imperfect supply of air. The blue flame 
that plays over the surface of coal-fires is caused by the 
burning of carbonic oidde. It is an imimportant compound. 

LIGHT CARBURETTED HYDROGEN. 

{Fire-Dampf Marsh Qas, Heavy Inflammable Air, Carbide of Hydrogen^ 

Diearburet of Hydrogen,) 

H2C = 8. 

175. Carbon combines with hydrogen to form a very nu- 
merous class of compounds, called hydro-carbons (see Chart, 
Isomeric Group), which are all highly combustible. Car- 
Aretted hydrogen is a colorless gas, about half as heavy as 

treatment when it has been breathed by accident ? What la remarked of insects f 
What of the Lake Avemo? 

What is the oompositicm of carbonic ozideT How is it produced ? Where if 
ttseen? 



^. 
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common air, and not poisonous when respired. It is formed 
abundantly in the mud of stagnant pools containing decom« 
posing organic matter. It rises in bubbles, mmgled with a 
little carbonic acid, and may be collected in inverted jars. 
It is often disengaged in large quantities in coal-mines, and, 
mixed with air, constitutes the fatal fire-damp. If the air is 
more than six times, or less than fourteen times the volume 
of the gas, the mixture explodes violently when inflamed. 
Carbonic acid is produced by the combustion ; so that those 
who are not killed by the burning, or shock, are generally 
suffocated by this gas. 

1*76. The Davy Lamp. — To guard against these acci- 
dents, which were formerly very common, Davy invented 
the safety-lamp. The nature of this lamp may be under- 
stood by taking a fine wire gauze, and lowering it over the 
flame of a candle (Fig. 8). It will be seen that the blaze does 
not pass through the minute openings or meshes of the gauze, 
which act like short tubes. The metal of the 
gauze conducts away the heat from the flame so 
rapidly as to cool it below the luminous point ; 
the gases that pass through are, therefore, not 
ignited. The Davy lamp is only a common oil- 
lamp, surrounded by a cage of this gauze (Fig. 1*7). 
It is plain that such a lamp, introduced into an 
explosive mixture, would not fire it, as the flame 
would be confined within. Since this ingenious 
contrivance was adopted, explosions in coal-mines 
Lave become much more rare, and would proba- 
bly entirely cease, were it not for neglect in the 
use of this simple instrument of safety. 

What is the Gomposilion of carboretted hydrogen? Its properties? Where to II 
Imnd? What efl!scta are sometimes produced by it in coaHniiies? 
VfhjtX is the principle of the safety-lamp? What is its ooostmclioii? What 
haaitprodaced? 



Fig. 17. 
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OLEFIANT GAa 
H4C4=28. 

177. Preparation and Properties. — ^This gas is prepared 
pure, by mixing strong alcohol with five or six times its 
weight of oil of vitriol, in a retort, and applying heat. It is 
colorless, tasteless, has a marked odor, and is nearly as heavy 
as ah* (sp. gr. '980). It is very combustible, burning with 
a bright, intensely luminous flame. When certain varieties 
of coal, the bituminous, or those containing pitch {hydros 
carbon), are heated to redness in closed iron vessels {retorts), 
they give off a great number of products, among which are 
the olefiant and other gases, and several liquids. This is 
the process by which the illuminating gas of cities is pro- 
duced. 

178. Coal-gas Manufacture, — Coal-gas, as it issues from 
the retort, cannot be directly employed for illumination, be- 
cause it contains tarry and oily vapors, which would readily 
condense in the pipes through which the gas must be dis- 
tributed, and thus create obstructions. The products of 
distillation are therefore conducted from the retort, by a 
tube, into a long cast-iron cylinder, called the hydraulic 
main, in which the coal-tar and heavier vapors are depos- 
ited. From the hydraulic mam a pipe leads away into 
another vessel, called the condenser, which is kept cool by 
water, and which causes a still further deposit. From the 
condenser the gSros are conveyed to the purifier, where they 
.are passed througKmilk of lime (one part lime, twenty-five 
water)^ in which jpphuretted hydrogen and carbonic acid 
are separated from it. The purified gas is then carried for- 

What is the composition of oleflant gas? Its properties? How is it obtained f 
Why cannol gas directly fipom coal be used txr ilhiminattoa? What is tht 
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-ward into the gasometer, an immense sheet-iron cjlindei; 
open at bottom and closed at top, which floats in a cistern 
of water. Gasometers are sometimes fifty feet in diameter, 
and thirty feet high. From these reservoirs the gas passes 
into iron pipes, laid down in the streets, called the maint, 
and is thence distributed to the consmners. 

179. Mode of Burning tJie Cku, — The quantity of light 
obtained by the combustion of gas is greatly influenced by 
the mode in which it is burned. The same quantity of gas, 
flowing through several small apertures, will yield much 
more light than if emitted through one large aperture. The 
argand burner consists of a circle of small holes, of equal 
size, the centre of the circle being open to admit an upward 
current of air. Through these holes the gas issues, and is 
burned in small jets. When the gas passes through an ob- 
long aperture, or slit, it gives a sheet of flame resembling in 
form the wing of a bat, hence it is called the '* bat- wing** 
jet. There are also other forms, known as the "cockspur," 
the " fan," and the " fish-tail" or " swallow-tail" jets. 

180. Source of the Light in UluminaHng Gas, — The light 
emitted by coal-gas is due to olefiant and light carburetted 
hydrogen gases ; its illuminating power is in proportion to 
the amount of the former, which usually varies from ten to 
twenty per cent. A natural supply of this gas is used to 
illuminate the village of Fredonia, N. Y. Gas of better 
illuminating quahties is obtained by the distillation of oil and 
rosin, and if well prepared it needs no purification. 

181. Amount of Gas from different Materials, — Upon an 

bydraalic main ? What is its use ? What is the use of the ofindenser ? What change 
does (he gas undergo in the purifier ? What is the gasomSfer? What are mains f 

What is t'je best mode of burning the gas? Describe the argand burner. Hov 
b the bat-wing Jet farmed? What other Jets are mentioned? 

To what is the light of coal-gas due} Where is it said to exist naturally T Bdff 
Buj better gas bs obtained? 
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average, a pound of good coal yields foui cubic feet of gas, 
a pound of rosin, or pitch, ten cubic feet, and a. pound of oil, 
or fat, fifteen cubic feet. — ( Ure). The gas from a ton of 
coal requires about two-thirds of a bushel of lime for its 
purification. 

182. Comparative Cost of Illumination, — Coal-gas is by 
far the cheapest source of artificial light which we possess, 
although the expense of the apparatus is such that b|^p|e is 
not economical, unless more than 100 lights are required. — 
(Brande.) One pound of tallow in the form of six mould- 
candles, burned in succession, will last forty hours; 11^ 
cubic feet of gas, burned at 500 cubic inches per hour, will 
give the same light for the same time. The comparative 
expense of different materials of illumination is thus stated 
by Dr. Ure : An amount of light produced from wax, at a 
cost of $1.00, costs from tallow $0.28.6, from oil lO.J^.d, 
from coal-gas $0.04.7. 

NITROGEN .|*MARBON— CYANOGEN. 
SynwmKjf equivalent 26. 

183. Carbon and nitrogen combine to form a singulai 
gaseous compound, known as cyanogen, having the com- 
position C2 N. It seems to have the properties of an ele- 
mentary body, uniting with the simple elements, and form- 
ing with metals a class of compounds known as cyan* 
ides. Thus the paint, prussian-blue, is a cyanide of iron. 
Cyanogen, uniting with hydrogen, HC, N, gives rise to 
that king of poisons, prussic add, or hydrocyanic acid. 
This substance is a colorless, volatile liquid, possessing the 
odor of peach-blossoms, and so intensely poisonous that the 

What is the prodaci of gas flfom dUbrent materials ? 

Under what circumstanoes is the use of gas eoonomical? What is said of thf 
comparatiTc cost of light tnm. gas and other ioaroes? 
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odors emitted during its preparation often produce fainting. 
It is used in medicine, but so diluted with water that IOC 
grains of the strongest mixture does not contain more than 
three grains of the pure acid ; and yet a single drop of this 
diluted acid is a dose, and must be administered with cautioD. 
The antidote is caustic ammonia, inhaled. 



^ SULPHUR. 

Symbol S, equivalent 16. 

184. Jproperties and Source. — Sulphur orbrimstone is a yel- 
low, brittle, crystalline solid, which is found in nature both in a 
state of purity and of combination. The sulphur of commerce 
is mainly procured from the Island of Sicily, where it is quar- 
ried from large deposits, situated in a blue clay formation. 
When taken out of the ground it is heated in earthen pots, 
and caused to distil over into water. When melted and 
poured into wooden moulds, it constitutes roll-sulphur. 
Flowers of sulphur is made by ^^ng and subliming it in 
large apartments, when it is depd^H m the form of a fine 
yellow powder. Sulphur has an eHensive range of afi&nity, 
and combines with metals, as iron, lead, zinc, <&c., forming 
Bulphurets or sulphides. Its specific gravity is 2. It melto 
at 230° into a pale-yellow liqmd ; but if the heat be raised to 
45 Qo, it changes to a thick, tenacious, molasses-colored body, 
which, if quenched in cold water, becomes soft and elastic 
like India-rubber : in this condition it is used to take impres- 
sions of medals and coins. From this allotropic condition it 
gradually returns to its usual state. 



What is the composition of cyanogen ? What ore the properties of pmidQ 
acid ? For what is it used ? 

What is sulphur? Where is it chiefly obtained ? What is roll-sniphur? Hoir 
•Is.flowere of sulphur made? What is its range of combination? Itsspecl&jgmTiljf 
Its melting point ? How is it changed by heatii« ta ASfP ? 
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185. Sulphur exists in plants, entering their roots as 
gypsum (265), or in the form of other salts. It is present in 
an uncombined state in the* bodies of animals, chiefly in their 
muscular parts. It exists in eggs, and discolors the silver 
spoons with which they a^e eaten, by forming the black sul- 
phuret of silver. The efficiency of many preparations for stain- 
ing the hair of a black color depends upon the lead they con- 
tain, which unites with the sulphur of the hair. Meta]|ic sup- 
ports and filling for the teeth are often turned black in the 
mouth by the action of sulphur. It takes fire at a low tem- 
perature, and hence its use in friction matches (196;. Pow- 
dered and mixed with lead, it forms the sulphur ointment 
which is applied externally in maladies of the skin, particu- 
larly in a disease produced by the itch insect, which burrows 
in the skin, and delights in filth. It probably acts in this 
case b» being converted into sulphuretted hydrogen. 

SULPHUROUS ACID. 
S 0, = 32. 

186. When sidphur is burned in the air, it unites with 
oxygen, forming a transparent, colorless gas, having a pecu- 
liar disagreeable taste, and a most suffocating smell ; it is 
sulphurous acid. It may be hquefied by intense cold, and 
is very soluble in water. It extinguishes combustion ; hence 
sulphur is often thrown into the fire to quench the burning 
soot of chimneys. It is respired with difficulty. Sulphur- 
ous acid is used in bleaching vegetable and animal colors : 
the ancients employed fumes of sulphur to bleach wool. — 
(Pliny,) It is used for whitening silk, woollen, and straw 



What is said of sulphur in plaoto? In animals? In eggs? In hair? Whyistt 
used in friction nratcbes ? In what maladies is it useful ? 

How may sulphurous add be produced ? What are its properiiet ? Ita iiaei ? 
Bowiaitobtainod? Explain the chaugeii 
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in platinum stills to a sufficient degree of concentration. 
The foDowing diagram explains this change very clearly. 



FROM AIR, 20 
FROM THB \^ 

FCRNACB, NOa--> NO4 ». N0>_^N04 p-NOi 

Al 8TEAM,2 H O 
FROM TBE 

FURMACK, SSOa^-^^^Nv* 2S0a- 

2(S0|H0) ^ 2(S08H0) 





188. When this acid is procured by the distillation of 
green vitriol, it comes oflF in a very dry state, and attracts 
moisture so rapidly as to cause a fuming ; it is hence called 
fuming oil of vitriol, or Nordhausen acid, because it was 
largely manufactured in a city o^this name in Saxony. Com- 
mon or hydrated sulphuric acid contains a larger proportion 
of water. The former kind dissolves indigo. 

189. Properties, — Sulphuric acid has a thick, oily appear- 
ance, with at first a greasy or soap^feel ; but it speedily cor- 
rodes the skin, and causes an intense burning sensation. It 
has a pc;werful affinity for water ; when a splinter of wood is 
dipped into it for a short time, it turns black (chars), the acid 
taking away from it the elements of water, and leaving the 
carbon. In like manner, it chars and decomposes the skin, and 
most organic substances, by removing their water. When 
water and sulphuric acid are mixed, the two liquids shrink 
into less space, and heat is produced. Pure oil of vitriol is 
colorless ; but slight traces of organic matter, as dust or straws, 
turn it of a dark shade, as it is usually seen in commerce. It 
is an active poison, the best antidote being copious draughts 
of chalk and water, or carbonate of soda or magnesia. 

What is the faming or Nordhansen acid ? What are the properties of sulpb^x^ 
Bcid? Why does it char and blacken organic bodies? What is the appearance 
of the BoIphnrlG add of oommeroe? Is itpoiaonons? What is the antidote? 
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100. Uses, — Sulphuric acid is eztenuvely used in the 
manufacture of soda from common salt ; also in the manufac- 
ture of chlorine for bleacliing ; of citric, tartaric, acetic, nitric, 
and muriatic acids ; sulphate of soda, sulphate of magnesia, 
blacking, soda- water, and various paints; also in dyeing, 
calico-printing, gold and silver refining, and in purifying oil 
and tallow. Its chemical uses are innumerable. It b the 
Hercules of the acids. 

191. This acid unites with bases forming the sulphates, 
and exists in nature both combined, as with lime in gypsum, 
and free, as in some streams the water of which it renders 
sour. S 0| is nearly twice as heavy as water (specific grav- 
ity 1*8), a gallon weigliing about 18 pounds. The test for 
sulphuric acid is chloride of barium, with which it forms an 
insoluble salt. The remaining compounds of sulphur and 
oxygen are not of general interest. 

SULPHURETTED HYDROGEN. {Eydrosulphurie Add,) 

HSsslY. 

192. When sidphur and hydrogen are set free together, 
they unite to form a colorless, transparent gas, having 
the well-known smell of decaying eggs. It is produced 
by the putrefaction of all organic substances containing 
sulphur, as flesh, blood, hair, excrements, albumen of eggs, 
&c. It is this gas which gives the putrid odor to sul- 
phurous waters. A rotten pump-log standing in a well of 
hard water (containing gypsum) may render it nauseous 
by setting free sulphuretted hydrogen. If the well is puri- 
fied, and a new log introduced, the water may be restored to 



What are the uses of sulphuric add ? 
Tn what form does it exist in nature ? What is its test ? 
What is the composition of sulphuretted hydrogen? From what sabfltanoM la 
itderlTodf What if said of its odor? What is its eflbct upon animals If 
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sweetness. Sulphuretted hydrogen is very deleterious when 
respired. A small bird dies immediately in air containing 
j^\pQ- of this gas : -g^ killed a middle-sized dog, and y|o a 
horse. — (Brande,) 

PHOSPHORUS. 
Symbol P, equivalent 32. 

193. Its Discovery. — ^This remarkable substance was first 
obtained about 200 years ago, by one of the alchemists, while 
trying to discover the art of making gold. Its mysterious 
properties were regarded with wonder and awe, and it was 
shown aroimd among the initiated under the name of the 
" Son of Satan." 

194. Properties. — ^Phosphorus is a solid, of a waxy ap- 
pearance, easily cut, colorless and transparent, but turning 
yellow by exposure to the light. It possesses the singular 
quality of shining in the dark, and is hence called phosphorus, 
or light-hearer. It is highly combustible, often taking fire 
in the air upon the slightest touch, and burning furiously ; it 
is therefore always kept under water. Great caution is re- 
quired in experimenting with it. It is a poison. 

195. Source of PhospJwrus, — Bones contain phosphorus — 
ihey consist of gelatine, lime, and phosphoric acid. To ob- 
tain it, the bones are first burned, which drives oflf the gela- 
tine. The lime is then separated by adding oil of vitriol, 
and the oxygen of the remaining phosphoric acid is removed 
by the action of charcoal at a high heat. The phosphorus 
distils over by means of a suitable apparatus, and is collected 



What Is stated of the diacorery of phosphonu T 
What are its properties ? 

Flrom what source and how is phosphwoB ohtalned? How much may bo es> 
tawted from the human skeleton ? 
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under water. The skeleton of a man weighs from 10 to II 
pounds, and contains from 1^ to 2 pounds of phosphorus. 

196. lis Use in Matches, — Phosphorus takes fire at a 
temperature of about 120o ; and as this maybe produced by 
slight friction, it is well adapted to tip the ends of friction 
matches. As the phosphorus would be liable to take fire if 
exposed to the air, it is kneaded with water and gum, or 
glue, into a paste, which, when dried, serves as a protecting 
varnish. Chlorate of potash, nitre, red-lead, or some other 
substance rich in oxygen, is worked into the paste to insure 
prompt combustion. The points of the matches being first 
coated with sulphur, are dipped into this preparation, and then 
cautiously dried in a stove. When the surface is broken by 
friction, the phosphorus takes fire first, the sulphur next 
ignites, and then the wood of the match : — 200,000 pounds 
of phosphorus are used annually in London alone for the 
manufacture of matches. 

197. Its Physiological Relations, — Phosphorus not only 
exists as phosphate of lime in the bones of animals, but in a 
free or unoxidized state it is an essential constituent of the brain 
and nervous matter. It is also an ingredient of albumen 
and fibrin. The uncombined phosphorus is burned" by the 
oxygen of respiration, forming phosphoric acid, which, united 
with soda or ammonia, passes from the system by the route 
of the kidneys. The uncombined phosphorus of the nervous 
and cerebral tissue is not in its ordinary form. It is capable 
of existing in two allotropic states (42). In one of these 
conditions its active properties are suspended. It passes into 
this torpid state in plants, is consumed by animals in food, 
passes unchanged through their circulating fluids, and is 



IIow aro matches made ? Is much used for this purpose Y 
In what other part of tiie animal body is phosphorus found ? In what omdl 
Mon does it here exist 7 
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thrown into the active state, and oxidized under the influence 
of the vital force. 

198. Phosphorescervce.—ThdX shining, self-luminous ap- 
pearance which is sometimes exhibited by putrefying fish, 
which is also occasionally seen in decaying wood, in the fire- 
fly and glow-worm, is ijexm^di phosphorescence, and is thought 
to be due to the slow oxidation of phosphorus at low tem- 
peratures. It is supposed that the beautiful luminous ap- 
pearance of the inter-tropical seas is due to the decay of 
small jelly-fish, or blubber, so abundant in the ocean, and 
which contain pliosphorus. 



PHOSPHORIC ACID. 
P O5 = 72-02. 

199. Phosphorus has an intense affinity for oxygen. 
Place a bit of phosphorus, of the size of a pea, in a wine- 
glass, cover it with hot water, and direct against it a current 
of oxygen gas, it bursts into a violent combustion beneath 
the siuface of the water. When a match is burned, the 
white smoke that appears is phosphoric acid ; it is always 
produced when phosphorus is burned in dry air or oxygen 
gas. This acid condenses into solid white flakes of a snowy 
appearance, and possesses a powerful affinity for water, 
hissing like a red-hot iron when brought in contact with it. 
In small quantities it is not poisonous ; and when taken me- 
dicinally, it must be sucked through a quill or glass tube, a9 
it corfodes the teeth. Phosphoric acid is of great importance 
in agriculture, as it is principally from its presence in bones 
that they are so useful as a manure (286). There are 



WhaX Imninoiis appearanoeB are supposed to be due to phosphorus T 
State the oranpositkai of phosphcMric add. How may it be formed f What arf 
Its properties? To what is the yaloe of bones in agriculture doe? 
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three other compounds of phosphorus and oxygen, bat they 
are of interest only to the scientific chemist. 

PHOSPHURETTED HYDROGEN. (PlMsphide of Hydrogen) 

P Ha =8402. 

200. This is a colorless, transparent gas, of a disgusting 
odor, to which the nauseous smell of putrefying animal sub- 
stances is partially due. It is more oflfensive tlian sulphu- 
retted hydrogen. It may be prepared by boiling phosphorus 
with a strong solution of potash in a glass retort, the extrem- 
ity of which dips beneath the surface of water. The bubbles 
of gas, as they escape into the air, inflame spontaneously, 
and bum with a bright yellow light. Each bubble, as it 
explodes, produces a wreath of gray smoke, which dilates, as 
it rises, with curious rotatory movements of its parts. The 
singular phenomenon of Will-o'-the-wisp, or Jack-'o-lantem, 
where a flame or light is said to move at night over marshy 
places, is supposed to be due to the presence of this self-in- 
flammable phosphuretted hydrogen. 



OF THE METALS. 

201. The metals are a numerous class of bodies, distin- 
guished by a peculiar brilliancy called the metallic licstre, and 
as being good conductors of both heat and electricity. They, 
however, exhibit great variations in these, as well as other 
properties. Authors are not agreed in their classification 
of the metals. 

Give the composition and properties of phosphnretted hydrogen. How is U 
prepared ? ViThat effect takes place when it comes in contact with air? How fi 
|be Jaclc-oMantem accounted for? 

What are the metals ? 
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METALS OF THE ALKA.LIES. 

POTASSIUM. {Latin, Kalium,) 
Sym. K, equiv. 89 ; sp. gr. '869. 

202. Properties. — ^Potassium is a silver- white metal, at 
common temperatures so soft that it may he moulded in the 
fingers hke wax. It is never found free in nature, hut oc- 
curs abundantly in rocks and soils combined with oxygen, 
as potash. It is produced in the metallic state by the 
action of charcoal upon potash at a very high tempera- 
ture, which withdraws its oxygen. Davy first separated 
potassium by means of an electrical current in 1807. It is 
the lightest of all the metals. 



POTASSIUM AND OXYGEN— POTASH. 

KO = 47. 

203. The affinity of potassium for oxygen is very strong ; 
when exposed to the air, it becomes immediately incrusted 
with a film of oxide, and can only be preserved under naphtha, 
a liquid containing no oxygen. Thrown upon the surface of 
water, it decomposes it, removing its oxygen, and burning 
with a beautiful pink flame. The same phenomenon appears 
if the metal be placed in contact with ice, when it instantly 
bursts into flame. This shows how gunpowder is fired by 
touching it with an icicle. There is potassium mingled with 
flie powder. When potassium is burned in dry oxygen, pure 
potash, K O, is formed. This has a very powerful affinity 



WtaatiflpotasBiiim? How did Dayj first obtain it ? 

How is the strength of its aiBnity for Qzygeo shown? What is stated of ill 
•fflnity for water? 
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for water, which it imbibes as soon as it is exposed to the air, 
forming the hydrated oxide of potassium, E 0, H O, or caustk 
potash, 

204. Caustic potash is procured from carbonate of potash, 
by the action of lime, which deprives it of carbonic acid. It 
is a white powder, having a powerful affinity for water, 
which it takes rapidly from the air, and runs into a liquid. 
Potash possesses all the properties of the alkalies in a pre- 
eminent degree : it is the type of that class of bodies. It 
saturates the most powerful acids, changes vegetable yel- 
lows to brown, and restores the blues discharged by acids ; 
and also decomposes ammal and vegetable substances, 
whether Hving or dead. It is used in medicine in the form of 
small sticks, to cauterize or cleanse ulcers and foul sores ; 
it is hence called caustic potash. If a solution of potash be 
shaken in a bottle with olive oil, or any other fixed oil (404), 
it will be found to convert it into a soap. This accounts for 
the soft, greasy feel it has when touched by the finger, as it 
decomposes the skin, and forms a soap with its oily elements. 
Its uses in agriculture will be stated when we come to the 
sal !s (272). Alkalimetry is the art of measuring the propor- 
tion of alkali in an impure mixture or compound. 



SODIUM {Latifif Natrium) 

Symbol N"a, equivalent 22*97. 

205. This is a brilliant white metal, very much resemblmg 
potassium both in appearance and properties. It has a strong 
affinity for oxygen, and must be preserved in naphtha. If 

What is potash? What position does it hold among the alkalies? Hoir is H 
obtained ? What are its properties ? How is it used in medicine ? Why doei 11 
foel greasy to the fingers? What is alkalimetry? 

Describe the properties of sodiom. What is said of its abondanoe f 



I 
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tlirown upon the surface of hot water, it bursts into a beau- 
tiful yellow flame, and is converted into the oxide of sodium, 
pr soda. It is prepared in the same way as potassium, but 
with, less difficulty. It is perhaps the most abundant metal 
apon the globe, as it constitutes two-fifths of sea-salt, and is 
A large ingredient of rocks and soils. — {Grejory.) 

SODIUM AND OXYGEN— SODA. 
Na = 80-97. 
206. This alkali was long confounded with potash, which 
it greatly resembles, although its properties are less marked. 
For commercial purposes, it is chiefly derived £rom sea-salt, 
And is extensively employed in the manufacture of soap and 
glass. It is always present in the bodies of animals. 



METALS OF THE ALKALINE EARTHS. 

CALCIUM. 
Symbol Ca, equivalent 20. 

207. Calcium is a metal but little known. It is obtained 
with difficulty, and is put to no use. Its name is derived from 
calXf the Latin term for lime ; hence also the English word 
ta^careouB, Calcium combined with oxygen forms lime. 

CALCIUM AND OXYGEN— LIME. 
CaO = 28. 

208. Lime is produced by burning limestone (cai'bonatc of 
lime) in large masses, in kilns. The carbonic acid is driven 
off into the air by the heat, and a white stony substance re- 

Whence ie it derived ? 
Describe the metal caldam. 

How is lime obtained? What ia the eObct of the burning? What la quick' 
Umoi or cauatic Ume? 
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nuuns, called quicklime, or caustic lime. It is poraas, and 
sufficiently hard to be transported without fallmg to pieces. 
One ton of good limestone yields 1 1 cwt. of lime. 

209. Hydrate of Lime, — When water is poured upon 
quicklime, it absorbs it (every 28 pounds of lime taking 
pounds of water), swells to thrice its ori^nal bulk, crumbles 
to a fine white powder, and is converted into a hydrate of lime, 
Ca OHO; this process is called slaking. During slaking, 
heat is produced, often sufficient to ignite wood (92). If 
water is added too rapidly in slaking, it seems to chill the 
lime, and produces gritty lumps, which impsur its value for 
building and agricultural purposes. 

210. When quicklime is exposed to the air, it first rapidly 
imbibes moisture, and crumbles to powder ; it then gradu- 
ally absorbs carbonic acid, becoming more and more mild* 
less and less caustic, and finally regains the neutral conditicm 
of the carbonate. Lime exhibits the properties of a strong 
alkali, decomposing organic tissues, and saturating the strong- 
est acids. It is more soluble in cold than in hot water ; 778 
pounds of cold water, or 127o pounds of hot water, are re- 
quired to dissolve 1 pound of lime. Hence, when a cold 
saturated solution of lime-water is boiled, a portion of the 
lime is deposited, which accounts for the crust or fur which 
lines the interior of tea-kettles and boilers in localities where 
the water is impregnated with lime. Lime-water is a satu- 
rated solution of hme in water ; it is used to coimteract acid- 
ity of the stomach. Cream or milk of lime is a thick mix- 
ture of the hydrate with water, such as is used for white- 
wasliing. In tanneries, the hides are immersed in milk of 



What is the effect of water upon quicklime ? What is the eflkct of adding ' 
loo rapidly in slaking ? 

How is caustic lime changed to the carbonate ? What is stated of Us loliMiftl Y 
For what is lime-water used? What is milk of lime? ItsiueT 
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lime, T^hicli partially decomposes them, so that the hair may 
be easily rubbed ofF. 

211. Mortar and CemenL — ^Lime mixed with sand forms 
mortar, employed by builders to cement stones and bricks 
together, as glue is used to join pieces of wood. To make 
the best mortar, the lime should be {)erfectly caustic, and 
the sand sharp and coarse-grained ; the presence of clay, 
even in small proportions, is injurious. The nature of the 
changes by which the mortar becomes hardened is not satis- 
factorily explained. Hydraulic cement possesses the prop- 
erty of solidifying under water, which ordinary mortar will 
not do. This property is owing to the presence of sand and 
clay (silicate of alumina) in the lime of which it is made. 

212. Lime exists in Organized Structures, — ^The mineral 
portion of the skeletons of the higher animals consists of 
lime combined with phosphoric acid. The shells of the 
lower animals contain lime, combined chiefly with carbonic 
acid ; and as all parts of animals are derived from the vege- 
table world, lime must be an essential constituent of plants. 
Its most extensive use is in agriculture. 

213. lAme in Crops. — Some soils contain an abundant 
natural supply of lime ; to such its addition is of course use- 
less. Where it does not exist, it must be applied, to enter 
into the systems of plants. The following table exhibits 
the amount of lime removed from an acre of land in the fol- 
lowing crops ; tops, straw, and grain are included. 

Lime. 
Turnips, 25 tons, 188'8 lbs. 

Potatoes, 9 " 266*0 " ' 

Eed aover, 2 " 126-0 " 



Lime. 



Wheat, 25 bushels, 8*7 lbs. 
Barley, 88 " 15*0 " 

Oats, 50 " 8-2 " 



{Johnston^ 



Horn \m the best mortar made T 

In what pari of animal stractores does lime exiatt 

Why Bhookl Ume be added to soila which do not poMea ttt 
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These quAntitics are not always the same ; wheat, especially, 
contiiins much more lime than is hero stated, when grown 
upon land to which it has been copiously applied. 

214. Effect of Lime upon the Soil and Plants. — ^Lime 
exerts a very favorable action upon clay soils, by loosening 
and rendering them less adhesive, and also by setting free 
the alkalies which arc locked up in clay. Soils abound- 
ing in vegetable matter are often improved by liming. It 
changes inert substances in the soil, so as gradually to ren- 
der them useful to vegetation, decomposes noxious com- 
pounds, neutralizes baneful acids, sweetens vegetation, and 
improves the quality of almost every cultivatable crop. 
Grain grown upon well-limed land, it is said, has a thinner 
skin, is heavier, yields more flour, and that richer in gluten 
than' if grown on unlimed land. On flax alone it is said to 
be injurious, diminishing the strength of the fibre of the 
stem. Hence in Belgium flax is not grown upon land imtQ 
seven years after the lime has been applied. — {Johnetcn!) 

215. Compounds formed by lime in the soil are in- 
soluble ; its action is therefore slow, often requiring from 
three to six years to produce the best effect. At first it 
often diminishes the crops, and always does this in over- 
doses. The hydrate acts most speedily, but good effects 
may be expected from the carbonate after a longer time. 
" The more dry, shallow, light, and sandy the soil, the less 
abundant in vegetable matter ; the milder and warmer the 
climate in which it is situated, the less the quantity of lime 
which the prudent farmer will venture to mix with it." 
Lime should never be mixed with fermenting farm-yard 



What effect has lime upon clay soils? How doce it act upon aoils rich la 
table matter ? What is said of grain grown on limed land ? What of flax ? 

Why is its beneficial action so slow? What is the eflEbct of an orerdonT 
Under what circumstances lAonld lime be used with caution? Why 11101111 
lime never be mixed with ftmn-yard manure? 
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Diauure, as it expels ammonia, a most valuable element of 
fertility. 

MAGNESIUM. 
Symbol Mg, equivalent 12'67. 

216. Magnesium is a silver- white metal, like the three 
preceding. It is of no use, and is prepared only as a curi- 
osity. It unites with oxygen, forming oxide of magnesium, 
or common magnesia, Mg O. Magnesia was first distin- 
guished from lime by Dr. Black, about a hundred years 
ago. It is a white powder, possessing feeble alkaline prop- 
erties, and dissolving in about 55,000 times itp weight of 
water. — (Fresinitis,) Magnesia is found luited with acids ; 
as a sulphate in mineral waters, as a carbonate in magnesian 
limestone, as a silicate in talc, serpentine, &c. It is pre- 
pared by igniting the carbonate. It is used as a mild 
aperient and corrector of acidity. Magnesia is found in the 
ash of nearly all plants, but its action upon soils is obscure. 
Specific gravity, 3*6 1. 



METALS OF THE EARTHS. 

ALUMINUM 
Bymbol Al, equivalent 13*69. 

217. This metal never occurs free in nature, but always in 
union with oxygen, forming a sesquioxide of aluminum, Alt Of 
It absorbs moisture with great avidity. Alumina can neither 
be pronounced an acid nor an alkali, and yet it seems to 
possess the properties of both ; towards acids it sometimes 

What are the properties of magnoaia? 

How k abnniiia obtained? What an ita piopertiea? In what tonoM loei tt 
aMpareT 

11 
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-pltijB the part of a base, while towards bases it behaves m 
an acid — forming combinations with either. Pure alumina 
is found crystallized in those precious gems, the ruby and 
sapphire, which are next in hardness and value to the dia- 
mond ; also in a more massive form, as corundum or emeiy. 

218. Used to fix Colors, — ^Alumina has a powerful at- 
traction, both for vegetable coloring matter and the fibre of 
cloth ; it is hence used by dyers to fix the color upon their 
fabrics. It is then said to act as a mordant (479). When 
a solution of alum is mixed with an alkali, the coloring mat- 
ter is carried down, and forms what is called a l^ike. Car- 
mine is a lake of cochineal. Alumina also absorbs and 
combines with oily matters ; hence a certain kind of day 
called fullers' earth is used to extract grease-spots from 
wood, paper, <kc. 

219. Composition of Soils, — ^Alumina is the basis of day 
in soils; but it is always mixed with more or less silica 
or sand. To determine the relative amount of clay and sand 
in a specimen of soil, agitate it thoroughly with a consider- 
able quantity of water, and pour the mixture into a tall 
glass vessel or wide tube. When left at rest, the coarser 
particles of sand vnll first fall to the bottom, then the finer 
sand, and lastly the clay. By observing the relative thick- 
nesses of the different layers, we get a tolerably correct idea 
of their proportional quantities. By pouring off the turbid 
water, after the sand has settled, the clay may be separated 
from it. It is, however, to be remembered that the purest 
clay we can obtain by repeated washings and separations, 
still contains from four to six per cent, of very fine sand. 



Upon what proporty does the use of alamina as a mordant depend? What il 
%iake? How does alamina act to extract greasempots? 

How can we deternUne the relatlre amomit of it hi soHs ? How doM i 
JobHteadaadO soils? 
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ffbich can only be removed from it by the refined processes 
of chemistry. Professor Johnston classifies soils as follows : 
pure clay, or pipe clay, that which will allow nothing to sub- 
side or separate when diflfused through water. The strongest 
clay soil parts with 10 to 15 per cent, of sand by boiling 
with water and decantation. A clay loam loses from 15 to 
80 per cent, by the same process. A loamy soil deposits 
from 30 to 60 per cent., a sandy loam from 60 to 90 per 
cent., while a sandy soil contains no more than 10 per cent, 
of pure clay. 

220. Clay exhibits in a high degree the power of absorb- 
ing and retaining water ; hence soils in which clay abounds, 
after heavy rains suffer the water to evaporate but slowly, 
and are therefore wet and cold. It is also adhesive, and so 
compact as to prevent the free extension of the roots. On 
the contrary, in dry weather it shrinks, hardens, and cracks. 
Sand possesses the opposite qualities : it retains water but 
feebly, yields it readily by evaporation, and so completely 
lacks adhesion that its particles are blown about by the winds. 
A due admixture of theseearths corrects their mutual faults, 
and forms a productive soil. Clay possesses the valuable 
property of condensing carbonic acid and ammonia from the 
atmosphere Porcelain, pottery, bricks, &c., are chemical 
combinations of alumina with silica, and will be noticed among 
the silicates (?09). 

SILICON. 
Symhol Si, equivalent 21*35. 

221. This is a brown powder which does not occur in na- 
tm*e. It is difficult to produce, and is of no importance ex- 

Why are strong day boUb wet and cold? What effoct has dry weather upoa 
feiem? What are the disadvantages ofa sandy soil? 
What isaoidof tfliooD? What la stated of the abundaooe of siliea upon tiM 
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cept to the scientific chemist. It holds an equivocal positkm 
in systems of classification. Brande ranks it among the met* 
als ; and although it may have affinities elsewhere, I adopt hia 
arrangement in this respect, and associate it with aluminum : 
these form the bases of the two principal earths. Silica, or 
oxide of silicon, is estimated to form one-sixth part of the sur- 
face of the globe. — {Silliman). In extent it seems to occupy 
a similar place in the mineral world with carbon in the or- 
ganic world. (See Chart). 

SILICA. (Silicie Aeid^8ilex—8and.) 
Si 0, = 45-35. 

222. Preparation and Varieties. — ^This abundant com- 
pound may be prepared by heating rock-crystal (qtiartz) to 
redness, and quenching it in water, when it may be easily 
reduced to a fine, white, tasteless, gritty powder, which is 
nearly piu-e silica. In some of its forms this mineral is found 
everywhere. It constitutes a large portion of the rocks in 
many mountain ranges, the sand and gravel of soils, and the 
pebbles upon the sea-shore. It forms gun-flints, grindstones, 
and the porous burr-stones used in flouring-mills for grind- 
ing gr^. Crystallized silica, when colorless, forms quortai 
or rock-crystal; when violet-colored, it is the ame^yst; 
when green, chrysoprase ; when red, rose-quartz ; when pos- 
sessing red veins or spots, bloodstone ; when of a flesh-color, 
camelian ; when deposited firom water, chalcedony, Sard is a 
reddish-brown variety of chalcedony. Onyx is a milk-white 
variety. Sardonyx consists of the two in plates or layers, 
giving rise to a beautiful arrangement of colors, and when 
cut forms cameos. Agate, jasper, and opal are also forms of 



llofw may pure silica be obtained? What Airtherissaidof itidifltnfooT What 
ve the names of the various sabstanoes formed of silica ? 
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rilica. Silica, as it occurs in all these forms, is contammated 
with certain impurities, usually oxides of iron. Quartz is so 
hard as to give fire with steel, and scratch glass ; and so 
pure, as to be often used for the eyes of spectacles, imder 
the name of pebbles. 

223. Silica an Acid. — However strange it may seem that 
such substances as sand and flint should be i-anked among 
acids, yet such is the fact. At high temperatiu-es, silica ex- 
hibits powerful acid properties, and neutralizes numerous 
bases, forming a class of salts — the silicates. Glass, porce- 
lain, and pottery- ware are all salts — silicates of various bases 
formed at a high heat (303). Most rocks and minerals are 
also silicates. (See Chart.) 

224. Silica is dissolved by but one acid, the hydrofluoric, 
which is hence often used for etching glass. Although 
common quartz and sand are totally insoluble in water, yet 
they are rendered soluble by the action of the alkalies ; hence 
one reason of appljring potash to soils, is to dissolve their 
silica. When liberated from its combinations by the agency 
of the air (^02), it is soluble in water, and hence is always 
present in springs, the waters of which trickle through soils 
and the fissures of rocks. Silica is necessary to the growth 
of vegetation, and exists abundantly in many plants ; particu- 
larly in the stalks of the grains and grasses. It is this which 
communicates stifihess and strength to their stems, as the 
skeleton does to the bodies of animals. If there is a defi- 
ciency of soluble silica in the soil, the grain-stalk wiU be 
weak, and liable to break down, or lodge. It is silica which 
gives their quality to scouring-rushes. 



When does silica exhibit acid properties? What salts of silica are in ooitt- 
monnse? 

What add dissolTBS silica? Under what circamstances does silica becoBM 
Kdahlet What oiBce does it perf(»'m in plants ? 
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METALS EMPLOYED IN THE ARTa 

IRON. {Latin, Ferrum.) 
Symlcl Fc, equivalent 28. 

225. Were we to seek for that circumstance which might 
best illustrate the peculiarities of ancient and modem ci^- 
Eation, we should perhaps find it in the history of this metaL 
The ancients, imbued with a martial spirit and passion for 
conquest, regarded iron as the symbol of war, and gave it 
the emblem of Mars. And if it were required also to sym- 
bolize the pacific tendencies of modem society — ^its triumphs 
of industry and victories of mind over matter, its artistic 
achievements and scientific discoveries — we should be com- 
pelled to make use of the same metal, ikon. As gold and 
jewels have long been the type of ignorant and empty pomp, 
so iron may now be well regarded as the emblem of benefi- 
cent and intelligent industry. 

226. Uses of Iron, — Iron, in some of its innumerable 
forms, ministers to the benefit of all. The implements of the 
miner, the farmer, the carpenter, the mason, the smith, the 
shipwright, are made of iron, and with iron. Roads of iron, 
travelled by " iron speeds," which drag whole townships after 
them, and outstrip the birds, have become our commonest 
highways. Ponderous iron ships are afloat upon the ocean, 
with massive iron engines to propel them; iron anchors to 
stay then, in storms ; iron needles to guide them ; and 
springs of iron in chronometers, by which they measure the 
time. Ink, pens, and printing-presses, by which knowledge 
is scattered over the world, ai*e alike made of iron. It 
warms us in our apartments ; relieves our jolts in the car- 
riage ; ministers to our ailments in the chalybeate mineral 

How did the ancients regard iron ? Of what may It now become the ^jmlyol t 
Enmnerate some of the uses that are made of irom 
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waters, or the medicinal dose ; it gives variety of color to 
rocks and soils, nourishment to vegetation, and vigor to the 
blood of man. Such are the powers of a substance which 
chemists extract from an otherwise worthless stone. 

227. Properties of Iron, — Iron is of a grayish-white color, 
and of a perfect lustre when polished. It may be thrown 
into many conditions, in which it exhibits remarkably differ- 
ent properties. It is malleable, as in bar or wrought iron ; 
and may be forged into any form imder the hammer. It is 
very ductile, and may be drawn out into the finest wire, 
which is extremely tenacious (tough) ; an iron wire ^ of an 
inch in diameter bearing a weight of sixty poimds. 

228. Welding of Iron, — When wrought-iron is heated to 
whiteness, it becomes soft, pasty, and adhesive, and two 
pieces in this condition may be incorporated or hammered 
together into one. This is called welding. During the 
heating, a film of oxide is formed upon the surface of the 
metal, which would obstruct the ready cohesion of the sep- 
arate masses. To prevent this, the smith sprinkles a little 
sand upon the hot iron, which combines with the oxide, 
forming a fusible silicate of iron, which is easily forced out 
by pressure, leaving clean surfaces that unite without diffi- 
culty. This important quality is enjoyed only by iron, pla- 
tinum, and sodium. All the other metals pass suddenly 
from the solid to the liquid state at their respective melting 
points, as ice is changed to water. 

229. Wrought and Cast /row.—Wrought-iron possesses 
what is called a fibrous texture; that is, it seems to consist 
of compacted threads, running parallel to each other like the 
fibres of flax. Another state of the metal is cast-iron, which. 



What is the appearance of iron ? Name some of the conditions it may assoma 

What is welding ? Have all metals tliiB property ? 

Whatistbeteztareof wrougfat-iron? Whatof caat^ronT What is said of Om 
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on the contrary, has a granular tejture (consists of grains) 
it is brittle, cannot be forged, but may be melted and cast in 
moulds, ^vhich wrought-iron cannot. Cast-iron expands when 
first poured into a mould, so as to copy it perfectly ; but it 
6ub«:e([uently contracts, so as to be less in size than the 
origiucil pattern. The expansion is caused by the pardcles 
assuming a crystalline arrangement while consolidating ; the 
contraction by the cooling of the metallic mass, after it has 
solidified. Wrought-iron is said to lose its tough, fibrous 
character, by the efiect of blows or constant janing, and to 
become crystalline. 

230. Ores of Iron — The Per Centage Scale. — Iron occurs 
in nature almost universally in a state of combination. The 
mineral masses which it forms with oxygen, carbon, sulphur, 
and the metals, and from which it is extracted, are called its 
ores. They are quite numerous, but are not all equally valu- 
able as sources of the metal. The five principal ores thai 
are wrought for the production of iron, are exhibited upon 
the Chart by means of a scale marked ofif into a hundred 
divisions. The proportions per cent, of iron, and the elements 
with which it is combined in the ore, are shown in a very 
clear manner. This method of expressing chemical compo- 
sition, by proportions per cent., was in general use before the 
introduction of atomic proportions : it is still much employed. 

231. One of the richest ores of iron is loadstone, or the 
magnetic black oxide. It contains seventy-two per cent, of 
iron to twenty-eight per cent, of oxygen, and is a mixture of 
the protoxide and the peroxide. It is of a grayish color, and 
when rubbed gives a black powder, and is strongly magnetic 
This is one of the most valuable ores ; it is very widely dif- 

Aanges which cast-iron undergoes after being poured into the mould T Whil 
•auses its expansion and contraction ? 
What are ores of iron ? How is their oompoaiti(m represented i^on fko CbMt f 
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fused, and furnishes iron of the best quality. The supeiior 
iron from Russia, Germany, and Sweden is produced from it. 
Specular iron (red iron ore). — ^This is very hard, and some- 
times resembles polished steel. When coarse, the oxide is 
of a brown color ; but its powder is always red, thus distin- 
guishing it from the nu^etic oxide. This oxide conta^ 
sixty-three per cent, of iron to thirty-seven of oxygen. It 
exists in all the red clays, which are termed ores when they 
yield twenty per cent, of the metaL Hematite (hydrated 
oxide of iron), — Brovm iron-stone is very abundant all over 
the world, and particularly in the United States, and is the 
chief soiu'ce of the iron of commerce. It usually affords a 
yellow powder, and is not attracted by the magnet unless it 
has been burnt or roasted. It contains fifty-nine per cent, of 
iron, twenty-seven of oxygen, and fourteen of water. 

232. Pyrites, which signifies fire-stone, is so named be- 
cause it was used in firelocks, before the introduction of gim- 
flints, to produce sparks with steel. It is a sulphuret of iron, 
of which there are two principal varieties, the red and white. 
Yellow pyrites, when it occurs in minute brilliant scales, is 
sometimes mistaken for gold (fooVs gold). It is tested at 
once by heating it, when it gives oflf a sulphurous smell. 
Pyrites is chiefly prized as a source of copperas, alum, Span- 
ish brown, sulphur, and sulphuric acid. Yellow pyrites con- 
tains forty-seven per cent, of iron and fifty-three of sulphur. 
Sparry iron {steel ore) is of a yellowish-gray or brownish- 
red color. It is a carbonate of iron, and efiervesces slightly 
with nitric acid. This ore contains sixty-three per cent, of 
oxide of iron, thirty-four per cent, of carbonic acid, with a 

- ■ - 

What is said of loadstone? What is its color? What of its powder? What 
are the properUea of specular iron or red ore ? Of hematite ? 

What is the meaning of the term pyrites 7 Its origin ? Composition ? What 
li tt often mistaken for? What are its chief nses ? What is stated concerning 
•pmyiroo? What does it produce ? 
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email quantity of lime, magneus, and manganese A vnrMtj 
of steel Is made directly from this ore, without oementatioo 
(236). The cheap German steel is derired from this ore, 

233. Obtaining th£ Metal. — The proH^eee of sepaiating thic 
metal from its ores is called redueing or reviving it, aod the 
orfs are said to be tmelttd. The opcr^on is coDduct«d in 
tall chimney-like Btrnctures, termed bltul-famaeti. They 
are constructed of the moat refmctory fire-proof bricks, and 
are from thirty to uxty feet high, and about mxteen feet in 
internal diameter in the largest place, baring the form seen 
in Fig. 18. The top or ^ ^^ 
mouth of the furnace 
Eervea both for charg- 
ing it and for the escape 
of smoke: it is both 
door and chimney. The 
tubes serve to supply 
the air, which is driven 
in by means of a steam- 
engine and an air-pump, 
or fanners. A single 
blast apparatus, connect- 
ed with an English fur- 
nace, propelled 12,688 
cubic feet of exe per minute. — ( Ure.) Formerly the air wna 
used at the ordinaiy temperature (cold blast), but within a 
few years an immense improTement has been effected by 
heat^ the air before it enters the furnace {hot blott). 

234. In some cases, the materials are drawn up &□ in- 
clined plane, to the mouth of the shaft, by means (£ th« 




rsTivlngr Tnwbitlittai 
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same steam-engine that impels the blast mechanism. The 
furnace is supplied with ore, coal, and limestone, broken into 
small fragments. When the heat is sufficiently intense, the 
carbon of the fuel deoxidizes the iron, and carbonic acid is 
also expelled from the lime, leaving it caustic. Sand and 
clay, in greater or less quantities, now remain combined with 
the iron. The lime, acting as a flux, unites with these, form- 
ing the slag or scoria^ a crude semi- vitreous product. The 
melted iron, falling to the bottom of the furnace, accumulates, 
and is drawn off by taking out a tap or plug. It is allowed 
to run into a bed of sand, containing straight channels, and 
furrows running at right angles. The former are termed by 
the workmen the sow, and the latter the pigs, and hence the 
origin of the term pig-iron. As the contents of the furnace 
are removed from below, crude ore is constantly supplied 
above, *and the operation goes on day and night uninterrupt- 
edly for years, or until the fabric demands repair. 

235. The product of the smelting-fumace is cast-iron. Its 
peculiar properties of brittleness and fusibility are due to the 
presence of a considerable quantity of carbon and some other 
impurities, the removal of which converts it mto wrought- 
iron. This is done in an oven-shaped furnace (reverberatory 
furnace), in which the fuel is not mingled with the metal, as 
in the case of smelting, but heats it by the flame reflected 
from the low roof. A workman, with^a long oar-shaped 
implement of iron, stirs (puddles) the melted mass until the 
carbon is burned away, and the metal becomes thick and 
pasty: this is c&lled puddling. The puddler then rolls it up 

In what form ara the materials introduced ? What are the first changes which 
take place ? What part does the lime play ? What is the origin of the term pig- 
iron Y 

What Is the product of the smelting-ftimace ? What impurities does it contain ? 
Bow is it changed into wrought-iron ? Describe the puddling procois. How ii 
fhe iron greatly improved? 
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into balls, which he transfers to the tilting-hammer, where it 
IS beaten by heavy blows into a rude bar, the liquid impu- 
rities, consisting principally of silica and alumina, being 
squeezed out, as water is driven from a compressed sponge. 
The metal, still hot, Ls then passed between grooved cyhn- 
ders, and rolled out into bar-iron. The quality of the metal 
is greatly improved when these bars are broken up, boimd 
together, reheated to the welding point, and put through the 
same process repeatedly : this is called piling or fagoting. 
In malleable iron there is still retained a small portion ol 
carbon, about ^ per cent. 

236. Steel, — This remarkable modification of iron is a 
compound of iron with about one and a half per cent, o^ 
carbon. It is made by imbedding bars of the best wrought- 
iron in powdered charcoal, in boxes or sand-furnaces which 
exclude the air, and heating it intensely for a week or ten 
days. The chemical changes that take place are obscure ; 
probably carbonic oxide penetrates the heated metal, is de- 
composed, surrenders part of its carbon, and escapes as car* 
bonic acid. The steel, when withdrawn, has a peculuu, 
rough, blistered appearance, and is hence known as blistered 
steel. This method of maSng steel is called the process ot 
cementatum. When blistered sleel ifrvdrawn into smaller 
bars, under the tilting-hammer, it forms tilted steel; and this, 
broken up, heated, and again drawn out, forms shear steel, 
so called because it was originally thus prepared for making 
shears to dress woollen cloth. English cast-steel is prepared 
by melting blistered steel, casting it into moulds, and draw- 
ing it out into bars. Case-hardening consists in forming the 
surface of iron into steel, by heating it with charcoal for a 
short time. 



WbatisBtocl? How is it made? Wbat change ocean? WhatiBtiltodflteelf. 
Wbat la ihear tteel ? What is caaefaardoiing? 
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237. In its properties steel combines the fusibility of cast- 
iron with the malleabilitj of bar-iron. Its value for cutting 
instruments, springs, &c., depends upon its quality of being 
tempered. When heated to redness, and suddenly quenched 
in cold water, it becomes so hard as to scratch glass. If 
again heated, and cooled slowly, it becomes as soft as ordi- 
nary iron ; and, between these two conditions, any required 
degree of hardness can be obtained. As the metal declines 
in temperature, the thin film of oxide upon its surface con- 
stantly changes its color. The workmen are guided by these 
tints. Thus a straw yellow indicates the degree of haj dnesa 
for razors, a deep blue for sword-blades, saws, and watch- 
springs. Steel receives a higher polish than iron, and has a 
less tendency to rust. 

238. Nitric acid, placed upon steel, corrodes the metal, and 
leaves the carbon as a dark-gray stain; writing and orna- 
mental shading is thus often produced upon it. A good 
quality of steel, when its clean surface is washed with dilute 
nitric acid, should give a uniform tint. If it exhibits a fibrous, 
streaked, or mottled appearance, we may infer that it has 
been imequally carbonized, and is not the best. A drop of 
nitric acid leaves upon iron a wfiitish-green stain (oxide) ; it 
may thus be distingmshedfrom steel. Steel may be made 
magnetic, and retains its magnetism permanently ; but soft 
iron may be charged with magnetism, and deprived of it, at 
wilL Upon this property of iron depends the action of th« 
electro-magnetic telegraph. 

239. Oxides of Iron, — Iron has a strong aflfinity for oxy- 
gen (74), and unites with it, forming oxides. When metalUc 

ij» 

Upon what does its yalue for cutting instroments depend ? V^at is said of pol- 
Miing and rusting? 

Wbat oflbct has nitric acid upon steel ? What is the test of good steel ? How 
mtff iroo be diMioguished from steel? What is said of the magnetic propertiai 
«r few uid Heel? 
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iron is exposed to moist air, it soon becomes covered with a 
red crust, which is the sesquioxide of iron, Fcj Oj ; it is also 
called the peroxide. This oxide gradually absorbs water, 
turns of a yellowish color, and forms rust, which is hydrated 
peroxide of iron. These colors are well shown in biicks, 
which before burning are of a yellow color, owing to the 
hydrated peroxide of iron in the clay. Heat expels the 
water from the peroxide, which colors the bricks red. 

240. These compounds of iron are the most abtmdant ox- 
ides in BSLture, existing in numerous stones, rocks, and soils, and 
are the cause of their red and yellow colors. Protoxide of iron, 
Fe 0, cannot be produced in a separate state, as it attracts 
oxygen and rapidly passes into the peroxide. In a state of 
ccmbination it is widely diffused in nature, existing chiefly in 
those rocks having a greenish or dark tint. The iron in min- 
eral waters {chalybeate springs) usually rises to the surface 
in the form of a protoxide ; after a brief exposure to the air 
more oxygen is absorbed, and a reddish scum is formed upon 
the surface, which gradually falls to the bottom of the current 
as a reddish sediment of insoluble peroxide. 

241. When iron is heated in the smith's forge, and then 
beat on the anvil, a scale flics off which is of a black color, 
and when crushed gives a black powder: this is the black 
oxide, and is supposed to be a combination of the two other 
oxides, Fe O + Fe^ O3. Gallic acid, with Fe, O3, gives a 
black precipitate (writing-ink); chlorine water and oxalic 
acid remove it. 

242. Iron rusts rapidly in water containing air (oxygen), 



What gives to brick their yellow color before being burned ? Why are they red 
alter they are burned ? 

What is said of the abundance of these oxides? Why cannot the jMiotozide ol 
tron be easily obtained in a separate state? Of what is the reddish ■edimml la 
dialybeate springs composed? 

What is black oxide of iron? What is ink composed of ? 



UA3SGANESE. 185 

or the slightest trace of acidity. But in water which has 
been deprived of air by boiling, or rendered alkaline by lime, 
ammonia, potash, or soda, it is not rusted, but retains its polish 
for years. — (Brande,) Galvanized iron is made by dipping 
uxm, the surface of which has been cleaned, into a bath of 
melted zinc, and then into another of melted tin. The coating 
thus given prevents rust. When cast-iron, as cannon, for ex- 
ample, has been long buried in the sea, it becomes lighter, and 
is changed into a substance resembling black-lead. The iron 
m this case has probably been dissolved by chlorine from the 
sea-salt Cast-iron is rendered malleable by heating it for a 
coninderable time with iron scales or oxide. It is Uirown 
into the market imder the name of malleable iron. 



MANGANESE. 
BymM Mo, equivatent 27*67. 

243. Manganese is a hard, brittle metal, of a gra3ash-white 
appearance, much like cast-iron. It never occurs pure in 
nature, but its oxides are found combined with many ores of 
iron, a metal which it resembles in many of its properties. 
Manganese is prepared by making its oxide into a paste with 
oil and lamp-black, and heating it to whiteness in a covered 
crucible. It rapidly oxidizes when exposed to the air, and 
is best preserved m naphtha. 

244. It forms no less than seven different compounds with 
oxygen. Its oxides are diffused in small quantities through 
nearly all soils, and traces of them may be detected in the 
ashes of most plants. Protoxide of manganese is of a pale- 
green color, is a powerful base, giving rise to rose-colored 



Boir to galvanized iron made? What is said of iron long buried in the tea 
Bow la casHron rendered malleable? 
WluHiaiDanganeie? What metal does it resemble? How is it prepared? 
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salts. The peroxide, or black oxide, Mn 0|, la employed as a 
cheap method of procuring oxygen gas on a lai^e scale, and 
for the manufacture of chlorine. It is also used imder the 
name of glass-maker's soap, to destraj the green tinge given 
to glass bj protoxide of iron, and to oxidize carbonaceous 
impurities. If added to glass in- large quantities, it gives it 
an amethyst or purple color. It has also been recently made 
use of in the manufacture of steel. 

ZINO. 
Symbol Zn, equivalent 82*62, 

245. Zinc is a brilliant, bluish-white metal, sp. gr. 7, found 
abundantly in nature in the state of sulphuret (zinc blende), 
and as carbonate, or calamine. It exists in immense quan- 
tities in the State of New Jersey. At common temperatures 
it is brittle, but when heated from 212° F. to 300° it may 
be rolled out into thin sheets, and retains its malleability 
when cold. At 400° it becomes again quite brittle, at 770® 
it melts, and when air has access to it, it takes fire, burning 
with a whitish-green flame. It soon tarnishes in moist air^ 
forming a thin film of oxide, which resists change. Zinc is 
extensively used for roofing, gas-pipes, gasometers, gutters^ 
the lining of refrigerators, for preparing hydrogen, and in 
galvanic batteries. It is lighter than lead, cheaper than 
copper, and less liable than iron to be affected by oxidation. 

COPPER. (Latin, Ouprum,) 
Symbol Cu, equivalent 81*66, sp. gr. 8*95. 

246. Copper is a tough, malleable metal, of a red color, 
and often found native in masses of great magnitude. It is 

What is said of the oxides of manganese ? What are their iums ? 
What it doc? What are its properties? Its uses? 
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stiffened bj hammering, and softened by heating and quench- 
ing in water; the reverse of the effect produced upon 
steel (237). In moderately dry air copper slowly acquires 
a superficial brown tarnish, consisting of a thin film of sub- 
oxide, Cut O. In damp air it acquires a green crust, from 
the formation of the carbonate. Vegetable acids dissolve 
copper in the cold state and not in the hot state. Sauces 
containing vinegar, and preserved fruits or jellies, should, 
therefore, not be allowed to remain in copper vessels, as the 
salts produced are poisonous. Being little affected by the 
air, copper is better adapted for culinary and many other 
utensils than iron. 

LEAD. (Latin, Plumbum.) 
Symbol Pb, equivalent 103*56, sp. gr. 11*36. 

2i7. This useful and familiar metal occurs under various 
mineral forms, but the most valuable one is galena, a sulphu- 
ret. Lead is a soft, blue metal, easily scratched by the nail, 
and leaving a stain when rubbed upon paper. It is highly 
malleable, but not very ductile. In the air a film of oxide is 
rapidly formed, which protects it from further corrosion. It 
melts at about 612°, and on the surface of the melted mass 
an oxide (dross) rapidly forms. It contracts upon solidify- 
ing, which renders it unfit for castings. Litharge is a pro- 
toxide of lead, PbO. Minium, or red-lead, consists of 
Pb| O4. White-lead is a carbonate of the protoxide of lead : 
it is the most important salt of lead, being extensively used 
as a white paint, and also to give body to other paints. 

What is copper ? What effect has air upon it ? What preca;:itioiis should lo 
ckMired in the use of copper utensils f 

Wbal li lead? Give its properUes. What is litharge? Red-lead? WbU» 
kMlY 
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ANTIMONY. {Latin, Stibium.) 
Symbol Sb, equivalent 129*08. 

248. Antimony occurs in nature united with sulphur. II 
b a brittle, bluish-white metal, and is but little afifected bj 
exposure to the air. The compounds of antimony are used 
in medicine, the most important being the tartrate of anti- 
mony and potash, or tartar emetic. 

ARSENIC. 
Symbol As, equivale7it 76. 

249. Arsenic is a brilliant, brittle, steel-gray metal, usually 
occurring united to iron and sulphur, from which it is sep- 
arated by heat. The coarse gray powder sold as fly-poison, 
under the name of cobalt, consists of metallic arsenic. 
Common arsenic, or arsenious acid. As O3, is formed by a 
union of the nwtal with oxygen. This is white arsenic, or 
ratsbane, the well-known poison. Its antidote is iron-rust 
piydrated sesquioade of iron), with which it combines, 
forming the insoluble arseniate of iron. If this is not at 
hand, milk, the whites of eggs, soap-suds, or sugar, should 
be swallowed ; and the same observation may be applied to 
other cases of poisoning. Arsenious acid prevents the decay 
of organized substances, and it is therefore rubbed on the 
flesh side of the skins of animals that are to be preserved. 
When exposed to heat it volatilizes before melting, and its 
vapor has the odor of garUc. 



What are the properties and naea of antiiiKHiy ? What is tartar emetic T 
What is arsenic? What is said of tt? What isthe antidote? Whatlithf 
of common arsaiic upon flesh? 
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TIN. {LiUin, Stannum.) 
Symbol Sn, eqtUvaldnt 68*82. 

260. Tin is a brilliant, silver-white metal, which occurs 
most abundantly in Cornwall, England. It has been found 
in this country only at Jackson, N. H., in small quantities. 
It is softer than gold, slightly ductile, and very malleable, 
common tin-leaf or foil being often not more than t^js ^^ 
an inch in thickness. It melts at 442^. When a bar of tin 
is bent it ^yes a peculiar crackling sound, due to the dis- 
turbance of its crystalline structure. It tarnishes but 
slightly upon exposure to the air, and is therefore very suit- 
able for cooking-vessels. Sheet-iron coated with tin consti- 
tutes the common tin- ware. 

MERCURY. {Latin, Hydrargyrum.) 
Symbol Hg, equivalent lOO'OY. 

251. Mercury is sometimes found in the metallic state, 
but is principally obtained from the bisulphuret (cinnabar), 
by distillation with lime or iron filings in iron retorts. It 
has a sil^ery^ white color, a brilliant lustre, and is distin- 
guished from all other metals by being liquid at ordinary 
temperatures. It solidifies only when cooled to —40° F., 
and is then soft and malleable, but if reduced to a much 
lower temperature it becomes brittle. It boils at about 
660°, and emits vapors at all temperatures above —400 y. 
Its sp. gr. is 13*568. 

252. Mercury is extensively used in the construction of 



What is tbe appeaFanoe of tint What are its propertifis? What ia oommoa 
iiaHirara? 
OivB a& aooomit of mereory. 
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barometers, thermometers, mirrors, &c. When heated nearh 
to its boiling point, and exposed to the action of air, it ab« 
6»jrbs oxygen, and is converted into the peroxide of mercmy 
(red oxide), which, when heated, evolves oxygen, and is re- 
duced to a metallic state. It was from this som-ce that 
Priestley first obtained oxygen gas. Mercury combines with 
chlorine in two proportions, forming the protochloride of 
mercury, Hg CI (calomel), and the bichloride, Hg Cl| (cor- 
rosive sublimate). The latter has a disagreeable, acrid, me- 
talHc taste, and is very poisonous. The proper antidote is 
white of egg, which forms with it an insoluble, inert com- 
pound. 

STLYER. (Latin, Argentum,) 
Symbol Ajg, equivalent 108. 

253. Silver occurs native, both uncombined and as a sui- 
phuret and chloride. It is the whitest of the metals, and 
has a bright, beautiful lustre. It is very malleable and duc- 
tile. It may be extended into leaves not exceeding j^ 

of an inch in thickness, and one grain may be drawn out 
into 400 feet of wire. It is used chiefly for coinage and 
silver plate. Silver does not tarnish in air or water. It 
forms compounds with oxygen, sulphur, chlorine, iodine, and 
bromine, all of which are darkened by the action of light, a 
property which is made use of in the daguerreotype process. 

PLATINUM. 
Symbol Ft, equivalent 98*68. 

254. This very valuable metal is of a whitish-gray color, 
somewhat resembUng silver. When pure, it scarcely yields 

For what is mercury used ? What is the oompoeition of calomel T What la tha 
fompoeition of corrosive sablimate? 
DoBcribe rilver. What is said of its compoonds ? 
What are the qoalitiea of platinom ? 
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in malleability to gold and silver. It b very ductile, and 
takes a good polish. But the qualities which render it so 
useful, and in some cases indispensable to the chemist, are 
its extreme difficulty of fusion, being unaffected by any fur- 
nace heat, and the perfect manner with which it resists the 
action of almost all acids. It 'is acted on by chlorine and 
aqua regia, but less easily than gold, and is not affected by air. 
Platinum is about half as valuable as gold. Sp. gr. 22*5. 

GOLD. (Latin, Aurum.) 
Symbol Au, equivalent 98'88. 

255. This is one of the most widely diffused of the metals, 
being found native in every country, generally in the form of 
minute grains, though sometimes in masses weighing several 
pounds. It has a brilliant yellow color and great density. 
It is so very malleable that it may be extended into leaves 
afla^600 ^^ ^^ ^^^ ^^ thickness, and so ductile that a 
single grain may be drawn into 500 feet of wire. It does 
not tarnish or oxidize when exposed to the air or heat, is af- 
fected by nc single acid, and dissolved only by aqua regia 
(124). Its specific gravity is 19*2. 

METALS COMBINED WITH EACH OTHER— ALLOYS. 

266. Metals combine with metals to form alloys — an im- 
portant class of bodies, as each compound thus produced 
may be looked upon, for all practical purposes, as a new 
metal. 

257. Brass is an alloy of copper and zinc : four parts of 
the former to three of the latter. When the proportion of 
sine is increased we have pinchbeck, or Dutch gold. 

What iB said of gold ? What are its properties ? 
Whatareallqys? How may they be considered f 
WhatitbrMS? Pinchbeck? 
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258. German silver is' an alloy of copper, zinc, and nickel^ 
the finer kinds containing most nickel. Bronze consists of 
90 parts of copper to 10 of tin ; gun-metal, 92 copper to 8 
of tin ; hell-metal a.nd ffong-metal of 80 parts of copper to 20 
of tin. Britannia consists of about 100 parts of tin, 8 of an- 
timony, 2 of bismuth, and 2 of copper. 

259. The speculum of Lord Bosse's celebrated telescope 
is composed of 126*4 of copper to 58*9 of tin. 

260. Type-metal is an alloy of 3 parts of lead and 1 of 
antimony. Pewter is composed of tin, with a little antimony, 
copper, and bismuth. The inferior kinds contain a good deal 
of lead. 

261. Alloys which contain mercury are called amalgams. 
An amalgam of tin is used for silvering the backs of mirrors ; 
and an amalgam of tin and zinc for exciting electrical ma- 
chines. Gold and silver coin is alloyed with from -^ to 
•^ of copper, by which its hardness and wearing quality 
is greatly improved. 



SALTS. 

• 

262. Salts are combinations of acids with bases (49). 
They are a vory numerous class of bodies. We can here notice 
but few of them, and those very briefly. The common idea 
of a salt is that it must have a saline taste, like ordinary 
kitchen salt, and dissolve in water ; but this notion is erro- 
neous, as many salts have no taste at all, and are insoluble in 
any quantity of water, either cold or hot. There are two 
ways of classifying or grouping the salts— either by placing 

What is Gennan silver? Bell-metal? fironze? Britaimia? 
Type-metal ? Pewter ? 
What are amalgams? What is said of coin? 

What is a laU? What is the oommon idea of a ntt? Bdw ii thit wnof f 
Bow are the salts daanifled? 
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iogetlier those whicli have a common acid, or those which 
have a common base. I have adopted the arrangement of 
Dr. Gregory, and classed together those derived from a 
common acid. The salts contain variable proportions of 
water, which are represented upon the Chart by the usual 
symboHc letters (H 0), instead of diagrams. 



SULPHATES. 

PROTOSULPHATE OF IRON. (Copperas, Green Vitriol.) 
Fe 0, S Os + 7 H 0.-(8illiman.) 

263. This salt, composed of sulphuric acid and protoxide 
of iron, is largely manufactured at Stafford, Vt., by the de- 
composition of iron pyrites, which furnishes, by oxidation, 
both the acid and the base (see Chart). It is used foi; dye- 
ing dark colors, for making ink, and in medicine as a tonic 
in nervous diseases, and where the blood is supposed to be 
deficient in iron. It often exists in soils to a pernicious ex- 
tent, but is decomposed by lime ; gypsum or plaster being 
formed. 

SULPHATE OF LIME. (Plaster of Paris, Gypsum, Alabaster ) 
Oa 0, S 8 -I- 2 H = 86. Sp. gr. 2-3.— (G^raAam.) 

264. This salt is easily made artificially, by dropping sul- 
phuric acid upon lime. It occurs in many parts of the 
world, forming extensive rocky beds. It is so soft as to be 
scratched with the nail. The white varieties are turned in 

lathes, and worked with edge tools into various ornamental 

# , 

What is the oomposition of protosalphate of iron ? For what is it used ? 

What is the compoeition of sulphate of lime ? What are its common names f 
Where is it fiyond? What is alabaster? What property adapts it for taUog 
Mitit WhatiiBtiiooo-work? 



14A IKOSGANIO OHEMISTBY. 

forms, constituting the common alabaster. When powdered 
gypsum is heated to nearly 300° F., it parts with its water 
of crystallization. If now it is made into a liquid paste with 
water, it again combines with it, and speedily hardens or sets^ 
resuming its stony aspect. Owing to this property, it is used 
to take impressions and make casts, by being run into hollow 
moulds. It is also used in architecture for making orna- 
mental figures and designs upon walls and ceilings, called 
stiicco-work, 

265. Ground gypsum is of extensive use in agriculture. 
It is supposed to act by furnishing lime and sulphur to plants, 
and by absorbing carbonate of ammonia from the air and 
rain-water. It is said to fix the ammonia, that is, it is de- 
composed, forming sulphate of ammonia and carbonate of 
lime. It dissolves in 468 times its weight of water, and is a 
constituent of most springs, the water of which it renders 
hard (96). 

SULPHATE OF MAGNESIA. (Epsom Salts.) 
Mg 0, S Oa + 7 H 0.— (OVoAom.) 

266. This well-known salt is made by dissolving magnesian 
limestone or serpentine rock in strong sulphuric acid. It 
exists in some natural waters, as in the Epsom springs, 
whence its name. It is used in medicine as an aperient, and 
as an antidote to the salts of lead, which are. poisonous. 

SULPHATE OF SODA. (Glauber's Salt.) 
Na 0, S 03 + 10 H = 71 + 90,— (Graham.) 

267. This salt is made by the action of sulphuric acid upon 
soda or common salt. ^It was introduced into medicine by 

What is said of the use of gypaum in agriculture ? 
Giro the composition and uaes of Epsom salts. 
OfGlaubeir'ssaU. 
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Glauber, and is therefore called Glauber's salt. Its chief 
use is as a cathartic for horses and cattle. 



SULPHATE OF ALUMINA AND POTASH. (Alum,) 
KO SO3 + AlgOs 8SO3+24HO. 

268. Alum is a double salt, consisting of two bases united 
to one acid. It has a sweetish, astringent taste, and is dis- 
solved in 18 times its weight of cold water, and in its weight 
of boiling water. — {Fownes,) It is extensively used in dyeing, 
the alumina it contams being the active agent (218). It is 
also used in tanning, and in clarifying hquors, &c. The 
potash of alum may be replaced by soda (soda alum) and 
ammonia (ammonia alum), without altering the form of its 
crystals. 



THE CARBONATES. 

269. These are very abundant in nature. Carbonic acid, 
being always present in the air and in natural waters, is ever 
ready to seize upon free bases. The union of carbonic acid 
in salts is very weak, owing to its elastic property, by which 
it constantly tends to escape into the condition of a gas. It 
is expelled from its combinations by most other acids, and 
always with eflfervescence, a property which distinguishes the 
carbonates. 

What ore the properties of alam ? 

Why are carbonates so abandant?. Why are they easily deoomposod ? U<m 
■e they distinguished? 

Id 
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CARBONATE OF SODA 
Na O, C Oa + 10 H = 63 + 90.— (GVaAojn.) 

270. The form of the soda of commerce is soda-ash. It 
was formerly procured by leaching the ashes of marine 
plants. It is now chiefly made from sea-salt, by the action 
of sulphuric acid ; sulphate of soda is formed, which is con- 
verted into the carbonate by means of lime and sawdust, 
under the influence of heat. The discovery of this process 
by Leblanc, of France, at the close of the last century, pro- 
duced immense results upon the manufactures and commerce 
of the world. (Sec Liebig's Letters on Chemistry.) Car- 
bonate of soda, being both cheaper and purer than ordi- 
nary potash, is largely employed in the manufacture of 
soap and glass. It is also much used by washerwomen as 
a detergent, and to render hard water soft. Soda replaces 
potash in the ashes of plants grown near the sea. 

271. Bicarbonate of soda is formed by passing a stream 
of carbonic acid through a saturated solution of the carbon- 
ate of soda, which unites with a second equivalent of the 
acid. It forms the efifervescing soda-powders, and is used in 
bread-making instead of yeast, to render the dough light 
and spongy. 

CARBONATE OF POTASH. 
KOCO,=69. 

272. This is a highly alkaline and very soluble salt. It 
is prepared on a large scale by leaching wood-ashes, and 



GiTe the composition of carbonate of soda. How is it obtained ? What am 
Its properties ? What are its uses ? . . 

Bow is the bicarbonate formed ? For what is it used ? 

What is the equivalent of carb<mate of potash ? How it it prepared ? WM 
Is said of the ashes of different plants ? 
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erapoFatiiig the solution in iron pots ; the product is hence 
called potash. When this crude potash is heated to red- 
ness, its carbonaceous impurities bum away, and pearkuh is 
formed. Potash, or pearlash, therefore, represents the 
readily soluble portion of wood-ashes, and consists chiefly 
ci carbonate of potash, with small amounts of carbonate of 
8oda and 'common salt. Ashes are said usually to yield 
about ^ their weight of potash ( Watson) ; but different 
plants, and even different parts of the same plant, yield ashes 
of a very different composition. Thus the ashes from one ton 
of pine wood give of pure potash, 0*90 lbs. ; beech, 2*90 
lbs. ; oak, 3*6 lbs. ; common wheat straw, 7*80 lbs. ; dry 
straw of wheat before earing, 34 lbs. ; bean-stalks, 40 lbs. ; 
stalks of Indian com, 35 lbs. ; thistles in full growth, 10 
lbs. ; wormwood, 146 lbs. — ( Ure.) 

273. This explains at once the great value of potash in 
agriculture. It is carried away by crops, and must be re- 
stored to the soil, or the land will be exhausted. Certain 
plants, as Indian com, potatoes, the grape-vine, <&c., flour- 
ish only where potash is abundant ; they are hence called 
potash plants, 

274. Leached ashes are far from being worthless to the 
fanner. Besides a small amount of potash, they contain 
other valuable elements of fertility, calculated to have a 
permanently beneficial effect upon the land. Applied at 
the rate of two tons an acre, their effects have been observed 
to continue for fifteen or twenty years. They are most 
beneficial upon clay soils, and are said especially to promote 
Ihe growth of oats. — (Johnston,) 

275. Potash exists in vegetation in combination with or- 

What fdante require potash ? 

Whatlanidorieaflbedaahea? Upon what aoils are they moat baneidal f 

Whil plinli wad what parts ofplanta oontain most potash Y 
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ganic acids (463), wliich are converted into carbonic acid by 
burning. It is usually more abundant in herbs than in 
shrubs, trees, or the grains, and abounds in the bark, twigs, 
and leaves, more than in the solid wood. 

CARBONATE OF LIME. (Limestone, Marble.) 
Ca 0, Coa = 50 ; sp. gr. 2'9,—{Ghraham,) 

276. Yast deposits of this salt are distributed all over 
the globe, in the form of limestones, marbleis, chalks, marls, 
coral reefs, shells, &c: Carbonate of lime dissolves in water, 
containing free carbonic acid ; hence the well and spring 
water of lime districts becomes impregnated with it, and is 
hard. When the hardness of water is due to this cause, it 
may be softened by the addition of lime-water, which neutral- 
izes the excess of carbonic acid, and all the carbonate is pre 
cipitated. 

277. Animal Origin of Limestone, — ^Numerous and ex- 
tensive as are the limestone deposits, it is conjectured that 
they are all of animal origin. The densest limestone and the 
softest chalk are found to consist of the aggregated skele- 
tons or shells of myriads of tribes of the lower animals, 
which have existed in some former period of the world's 
history. — (Kane.) The formation of coral reefs, which are 
sea-islands of carbonate of lime, built up from the depths of 
the ocean by minute aquatic animals, is an example of simi- 
lar deposits now in process of formation. 

What is the compoeition and equivalent namt« for carbonate of lime f Wbea 
the hardness of water is owing to the presence of this snbstanoei how mijil h« 
roftened? 

What is said of its origin? 
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CARBONATE OP AMMONLt.— N H3 C Oa + H =48 ; 

OB, 

CARBONATE OF OXIDE OF AMMOiaUM— N H4 0, Oa = 48 

278. When organic substances containing nitrogen, as 
flesh, and the liquid excretions of animals, decay or putrefy, 
carbonic acid and ammonia, an acid and a base, are simul- 
taneously set free. These unite, and escape into the air as 
carbonate of ammonia. The elements of this salt are both 
gases, and the salt itself is a gas ; but the alkali is so much 
stronger than the acid, that the compound still retains pxm- 
gent alkaline properties. It was formerly, procured by dis- 
tilling the horns of harts ; hence it was called Spirits of 
Hartshorn, The base of this salt is supposed not to be 
really ammonia, but an oxide of a peculiar compound, N H^, 
termed ammonium. It has not been obtained separate, but 
is said to form an amalgam with mercury. According to 
this view, carbonate of ammonia becomes carbonate of oxide 
of ammonium, and muriate of ammonia chloride of ammonium. 

HTDROCHLORATE OF AMMONIA. {Sal Ammoniac, Muriate of 

Ammonia,) 

N Hj H 01 = 53a. 
Oe, CHLORIDE OF AMMONIUM. NH4CL 

279. Ammonia, saturated with muriatic acid and crys- 
tallized, forms an inodorous salt, sal ammoniac. It is used 
in soldering, to cleanse metallic surfaces, the muriatic acid 
dissolvmg the coat of oxide. Mixed with lime, which de- 

What to the equivalent for carbonate of ammonia ? How is it prodoced ? 'Why 
Waa H «alled spirita of hartahom ? What ia ammonium ? 
What to the compoaltion of aal ammoniac? For what to it used ? 
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composes it and expels the ammonia^ it is used to fill smdling^ 
bottlesy and is volatilized by heat. 



NITRATES. 

inXRATE OF POTASH. (Niire SaUpetre.) 
KO,NO, = 101. 

280. Nitre is naturally formed in the soils of certain dry^ 
hot countries, which abound in organic matters and potash. 
It has a cooling taste, and dissolves in its own weight of 
boiling water. Nitre preserves animal substances from pu- 
trefaction, and it is hence iised in packing meat, to which it 
imparts a ruddy color. 

281. The large quantity of oxygen contained in nitre, and 
the feeble afi^ity by which it is held, adapt it for sudden 
and rapid combustion ; it is, therefore, the chief ingredient 
in gunpowder and fire-works. 

282. Gunpowder is a mechanical mixture of nitre, char- 
coal, and sulphur, in variable proportions. These elements 
are moistened with water, ground and pressed through 
sieves perforated with holes, and dried at a steam-heat. 
The force of the explosion depends upon the sudden pro- 
duction of gases when the powder is fired. One volume of 
the gunpowder produces about 2000 volumes of the gas.— 
{Gregory,) 

283. Composition of Gunpowder. — Common gunpowder 
consists of 76 parts nitre, 12 carbon, and 12 sulphur. More 

What is the omipoaition and oombining namber for nitrate of potash f What 
are its properties ? 

Why is it adapted for fire-works? 

What is gunpowder? How is it made? 

What is its composition? What eflbct has the eharooal? What the iidpharf 
How do we determioe its qoalilj ? 
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charcoal gives it more power, but also causes it to attract 
moisture from the air, which injures its quality. For blast- 
ing rocks, where a sustained force rather than an instan- 
taneous one is required, the powder contains more sulphur, 
and is even then often mixed with sawdust to retard the ex- 
plosion. Good gunpowder should resist pressure between 
the fingers, give no dust by rubbing, and have a slight 
glossy aspect. 

•284. Composition of Fire-works. — ^Fire- works contain nitre 
as a chief ingredient, mixed with charcoal, sulphur, ground 
gunpowder, and various coloring substances. The splendid 
combinations of colored light seen at pyrotechnic exhibitions 
are thus produced : filings and borings of iron and steel 
give white and red sparks ; copper fihngs give the flame a 
grreenish tint, and those of zinc a fine blue color. Amber, 
reun, and dry common salt, afford a yellow flame ; acetate 
of copper (verdigiis) imparts a pale green ; and camphor 
]delds a very white flame. Gold-rain, that descends from 
rockets like a shower of stars, is made by mixing 16 parts 
nitre, 4 ground gunpowder, 4 sulphur, 1 brass filings, 2^ 
sawdust, and i glass-dust. 

NITRATE OF SODA. {SodorSaltpetre,) 
NaO,NOr=86. 

285. This salt is procured from certain soils in South 
America. It resembles potash-saltpetre, but does not an- 
swer for making gunpowder. It is employed as a source 
of mtric acid. The nitrates are distingmshed for their solu- 
l»lity. 

What is the oompositioa of flre-workB ? What sabstanoes produee the difBar 
■nt ooion? How ie gold-rain made? 
What ii nid of ■oda-Ml^etre ? 
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PHOSPHATES. 

PHOSPHATE OF SODA. Na 0, P 0» = 103.— (G^aAon.) 
PHOSPHATE OF LIMK Ca O, P 0, = lOO.^Brande.) 

286. There are two classes of the phosphates, the poly* 
basic and the monobasic phosphates. The monobasic, of 
which the above are examples, are the simplest in compo- 
Bition, but not the most common. The phosphate ol lime 
in bones is represented by Berzelins as composed of 8 Ca O, 
d P O5, which makes the quantity of acid and base about 
60 per cent. each. Phosphate of lime is the mineral por- 
tion of bones, and constitutes 54 per cent, of their weight.— 
(Berzelius.) The flesh also contains compounds of phos- 
phoric acid. These are stored up by nature in large quan- 
tity in the grain and seeds of plants. Thus the proportion 
of phosphoric acid in the ashes of wheat is 49| per cent. ; 
oats, 43 per cent. ; Indian com, 44| ; field beans, 37 J ; 
field peas, 39|^ ; rye, 49^ ; stalks or straw contain much less ; 
the ashes of wheat-straw give but 3 per cent. ; oat-straw, 
2 J ; rye-straw, 3| ; corn-stalks, 11; bean- straw, 7J; and 
pea-straw, 4f per cent. — (Johnston.) 

287. JSJxhaiistion of the Phosphate of lAme. — ^If, therefore, 
the policy of a farmer be to sell grain and stock, he will grad- 
ually remove these phosphates from his soil^ and diminish 
its productiveness. It may seem a trifling source of exhaus- 
tion to soil, when cart-loads of manure are returned to it 
annually ; but the absence of this one element, however 

What ia the composition of phosphate of lime? In what plants is pho8ph<»te 
add found ? 

If a faivaet^ policy be to sell his grain and stock) what will follow ? Is this •!» 
«ent essential to the growth of grain? 
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small, destroys the fertility of land, for it is essential to the 
healthful growth of grain. A soil may be apparently rich, 
and produce a luxuriant growth of straw ; but if phosphoric 
acid and lime be deficient, the wheat will be light and 
shmnken. A single small cog may be as necessary to the 
correct moyement of a watch as the mainspring, and so the 
earthy phosphates are as indispensable to first-rate crops as 
the rams of heaven. 

288. Restoration of Bone-earth. — ^The phosphates are 
chiefly applied to the soil in the form of bones, which are 
reduced to powder by crushing, burning, dissolving in oil of 
vitriol, or softening by steam at high pressure. The finer 
the bones are divided, the more prompt is their action; 
when in coarse lumps they decompose slowly, but are more 
lasting in their effects. Phosphate of lime occurs native in 
the minerals apatite and phosphorite. Massive beds of phos- 
phate of lime are said to have been recently discovered near 
Crcwn Point, N. Y., and in Morristown, N. J. The mineral 
b reputed to be nearly pure, containing 92 per cent, of phos- 
phate of lime. 



HYPO-SULPHITES. 

HYPOSULPHITE OF SODA Na 0, S, Oa = l^.-^Brande.) 
HYPO^ULPfcTE OF LIME. Ca O, S, O, = V6.— (5ran<fc.) 

289. These salts are of no interest, being used only in the 
daguerreotype process, to decompose the salts of silver upon 
the surface of the plates. 

How are phosptaatM applied to the soil? Hofw are (he bones prepared? \Taal 
disooreiy has recently been made ? 
Wkat li said of the hypcHralphites ? 
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OF THE HALOID SALTS. 

200. The compounds that we have been considering he* 
long ta the class of oxygen acid salts. There is another 
group called the haloid salts, from their resemblance to 
common salt (chloride of sodium). They consist of ample 
bodies, as chlorine, fluorine, <&c., united directly with the 
metals. 

CHLORIDE OF SODIUM. (Common udt, Seorsalt, Rock-iolt, 

Xitehen-ealt) 

Na 01 = 58*47, sp. gr. 2-6. 

291. This well-known substance crystallizes in the form 
of cubes, which dissolve in 2*7 times their weight of water, 
alike hot or cold. Salt is obtained either from the earth, in 
the form of blocks (rock-salt) ; or, if it occurs impure, by 
digging holes in the salt-beds, and fillmg them with water, 
which, when it will dissolve no more, is pumped out and 
evaporated in shallow pans. It is also largely produced 
from brine springs, and by the evaporation of sea- water; 
the latter, however, has a bitter taste, from the salts of 
magnesia, which also exist in the sea. Sea-water contains 
about one-thirtieth its weight of salt (about 5 oz. to the 
gallon). Estimating the ocean at an average depth of two 
miles {LyelJ)y the salt it holds in solution, if ^^arated, would 
form a solid stratum 140 feet thick. 

202. Salt exists in plants in small quantities, and some* 
times promotes their growth by being appUed to the soil. 
It is also an ingredient of animal bodies ; it exists in the blood. 

What of the haloid salts ? 

How is oommon salt obtained ? What amount of salt it oontoinod in 
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and is eaten with relish by both man and beast. It has been 
ca]culated that the average annual consumption of salt by 
an adult amounts to sixteen poimds, or about five ounces 
per week.— (Pemra.) Salt is used for packing and preserv- 
ing meat ; it prevents putrefaction by absorbing water from 
the flesh (504). 

CHLORIDE OF CALCIUM. 
Ca 01 = 66-6. 

293. This is a substance having a strong afi^ty for water. 
Chemists use it for drying gases. 

294. Chlorine combines with iron, forming two com- 
pounds, the protochloride, Fe CI, and the sesquichloride, or 
perchloride, Fei Cl|, which are seen to correspond with the 
dzides of iron. 

FLUORIDE OF CALCIUM. (Fluor Spar.) 

CaFl=s89. 

. 295. This salt is found in minute quantity in the teeth 
and bones of animals. — (Berzelius,) The native fluor spar 
is used as a source of hydrofluoric acid. It is so soft as to 
bo readily cut into various forms; and from its beautiful 
variety of colors it is employed for ornamental articles. 

Ii wit naeftil tfl^JBPts? How much salt is ooDsomed by an adatt aanoallj f 

What is cbkNlJPof caldam ? 

What ia aaid of the oompomida of cfaloriDO wad imf 

What of ftooride of caldmi f 
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MINERALS. 

QUARTZ. 
SiOs. 

296. Quartz is silica crystallized. When broken doini 
into fine grains, it forms sand, and this, consolidated or ce- 
mented with oxides of iron, constitutes sandstones. The 
United States Capitol is built of sandstone ; it is called ^m- 
itane, because it is easily wrought. When silica is fused 
with bases it unites with them, playing the part of an 
acid (223), and forming salts — the silicates. Most rock 
formations consist of minerals which are composed of these 
silicates. Their constitution is represented upon the Chart 
in the same manner as the other salts : figures placed above 
the diagrams signify that the compound atoms with w;iich 
they are connected are to be multiplied by them. Thus 
feldspar is seen to contain three atoms of alumina and three 
of silica. 

TALO. 
MgO,SiOa. 

297. Talc is a silicate of magnesia. French chalk and 
Boapstone are yarieties of talc, and are so soft as to be worked 
with the same tools as wood. Soapstone does not fincture 
in the fire, and is used as lining for fireplaces, grates, d^ 
It has a soapy or greasy feel, hence its namw 

SERPENTINE. 
MgO,FeO,SiO,. 

298. Serpentine is a double silicate of magnesia and ircm 



WhatlsqaartzT WhatiBBandstone? How are the sOicaies fbnnfld? 
What la talc? ForwhatiflBoepitoMiiaedT 
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It takes its name from its variety of colors, like the serpent ; 
its prevailing tmt is green. It forms extensive barren ridges 
of magnesian rocks, such as that extending from Hoboken, 
with frequent interruptions, through New Jersey, Pennsyl- 
vama^ Maryland, into Virginia. The decomposition of these 
minerals yields magnesia to the soils 

HORNBLENDE. 
2MgO,CaO,reO,8SiOs. 

299. This mineral is a tersilicate of magnesia, iron, and 
lime. It is of a dark or black color, and exists abundantly 
in many rocks, which yield lime to soils when decomposed. 
It is an element of the slate and trap rocks. 

FELDSPAR. 
KO, 3Al,0s, SSiO,. 

800. Feldspar contains a large proportion of clay. It is 
the chief ingredient of porphyry, the hardest and most en- 
during of all the rocks. Feldspar, with hornblende and 
mica, forms syenite, or Quincy stone, of which the Bunker 
Hill Monument, and Astor House of New York, are con- 
structed. It is a white or flesh-colored mineral, and by de- 
composition furnishes the potash and clay of soils, and the 
fine clays of porcelain ware. 

MICA. 
Al,Os EO FeO 8SiO> 

801. Mica occurs in semitransparent plates, which may 
be split into elastic leaves of almost any degree of thinness. 

6if« the oompoiition and propertieB of serpentine. Of hornblende. OfMdapaK 
Ofmin. What is granito oompoaed of 7 
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It withstands fire, and is used as a substitute for glass in 
the doors of stoves. It is frequently called isinglass. Quartz, 
feldspar, and mica compose granite, which underlays all 
other rock formations. The Rocky Mountains, Andes, Him- 
alayas, Alps, Pyrenees, Carpathian, Ural, and all the highest 
mountains in the world, are granite. 

302. Upon many of the silicates the air exerts a destruc- 
tive agency ; its carbonic acid slowly unites with their bases, 
thus breaking the bond which umted their elements, and 
settmg them free. By absorbing into their pores moisture, 
which expands in frceang, they are also mechanically crum- 
bled down. These joint forces are constantly active in dis- 
integrating and wearing down (weathering) rocks and stones, 
and reducing them to the condition of soil. 

ARTIFICIAL SILICATES. 

303. GlcL88, — ^The several kinds of glass are composed of 
ulica with the various bases. Its manufacture depends upon 
the circumstance that, when melted, the material is easily 
worked into any desirable form, and when cooled it is color- 
less and does not crystallize. Silicate of potash and soda 
forms a colorless glass, which is soluble in water. This sol- 
uble glass is appHed to wood, cloth, &c,, to render them 
incombustible. Silicate of soda and lime forms window- 
glass ; the soda gives it a slight greenish tinge, which is 
very obvious when we look through several panes placed 
together. The lime hardens the glass and adds to its lustre. 

304. Silicates of potash and lime gi?6 plate-glcLSS for mir- 
rors, and crown-glass (the finest window-glass). 



How are rodu cnunbled down? 

Upon what does the mimnflictare of glass depend? How is oolorisai gkw 
fiDrmedT How is window-glass made? How plate ghas? 
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805. SUuxUes of potash and lead yield flint-glass and 
erystal-glass. The oxide of fead renders it very soft, so as 
to be easily scratched, but greatly increases its transparency, 
brilliancy, and refractave power : it is hence used for giran- 
doles, chandeliers, and optical lenses. 

306. Silicates of alumina, of oxide of iron and potash, or 
■oda, produce green or bottle-glass, the color being due to 
the impurities of the materials. 

307. Glass is colored by means of various metallic oxides, 
which are added to the melted material. The oxides of iron 
give to glass blue, green, yellow, and brown colors, depend- 
ing upon the degree of oxidation and the quantity. The 
oxides of copper give a rich green. The black oxide of 
manganese, in large quantities, forms a black glass ; in 
smaller quantities, various shades of purple. Oxide of co- 
balt gives beautiful blues of various tints; and antimony 
imparts a rich yellow. The artificial gems used by jewellers 
are only colored glass. The enamel watch-dials, and semi- 
opaque transparencies, are glass rendered milk-white by 
oxide of tin or bone-earth. 

308. Glass is cut by the diamond, and holes may be easily 
bored through it by the end of a three-cornered file, if the 
point of friction is kept wet with spirits of turpentine. An- 
nealing is causing the glass to cool by slow degrees, as oth- 
erwise it would be very brittle. 

809. Earthenware, — Silicate of alumina, or clay, is the 
baus of all the varieties of pottery. Its adaptation for this 
purpose depends upon its plasticity when mixed with water» 
the readiness with which it may be moulded and shaped. 



HowisflUnt-glaaBmadeT For what is it used 7 

or what is l>otUeij;laaB made T 

Hair ii glaai oolored ? 

Dowiiitait? How may it be bored? Wliat la amwaUiis ? 
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and also upon its capability of being stifiEened and solidified 
when exposed to a high heat in furnaces or kilns. After 
burning, the earthenware, though hard, is porous ; it adheres 
to the tongue and absorbs water with avidity, even allowing 
it to sweat through. To prevent this, the ware is covered 
with a glassy coating, or glazed. 

310. Common red pottery ware owes its color to oxide of 
iron, and is glazed with a preparation of clay and oxide of 
lead. Vessels thus coated are objectionable for domestic 
use, because the lead glaze is sometimes dissolved by acids, 
as vinegar, producing poisonous effects. Bricks and flower- 
pots are unglazed. Porcelain is made of the finest clay, 
and is glazed without lead. 

311. Common porcelain is most usually colored blue, 
owing to the facility with which cobalt may be applied. 
The patterns are first printed upon paper, which is applied 
to the ware after it has been once heated {biscuit ware). 
When again heated, the coloring matter adheres to the sur- 
face. The same materials are used in coloring porcelain as 
give the tints to colored glass. The more delicate patterns 
are laid on with a camel's-hair pencil. 

What ]b earthenware oompoaed of 7 What are the prt^iertiea of oiay ttiat lit It 
forthispurpoee? Why is it glazed 7 

To what ia the color of the common red ware due T What ia it s^aied withf 
Why ia thia objectionable 7 Of what Ib porcelain made 7 

Uow are the colors applied 7 What ia meant by the term biaeuit-wire * Bml 
■n the more delicate pattema applied ? 
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, PART II 



ORGANIC CHEMISTRY. 



VEGETABLE CHEMISTRY. 

GBOWTH OF THE PLANT. 

312. Organic Chemistby treats of the composition and 
properties of all those compounds which are formed in the 
organs of living b^gs, and which compose their fabric (11). 
It inquires into the nature of their growth and decay, and 
into the changes which they may be made to imdergo by 
artificial means. 

313. Organic Chemistry is divided into two branches. 
Vegetable Chemistry and Animal Chemistry, which diiffei 
from each other in certain very important respects to be 
hereafter pointed out. It deals with substances which, in 
their production, manifest the phenomena of life or vitality. 
There has been a reluctance to consider the science of organ- 
ized beings, from a chemical point of view, because it is said 
that a peculiar force (the vital force) is here brought into 
action, which refuses to be governed by the laws of inorganic 
nature. But this is of little consequence: so long as the 
vital force is governed by any fixed laws, ana influences the 
chemical changes which take place in the living body, it 

or what does Oiganic Chemistry treat ? Into what does it inquire 7 
HowifttdlTkied? Why has there been a relnctanoe to oooeider this snlijeGtf 
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must be studied in connection with those changes. We are 
not to inqmre into its nature any more than that of heat or 
magnetism, but only into its effects, 

314. The just Scope of Chemistry. — ^It is the busmess of 
Chemistry to investigate all the changes that take place in 
the nature of compound substances, and to determine the 
precise conditions in which, and the rules or laws by which 
such changes occur; and as every species of growth and 
decay consists in the passage cf matter from one condition to 
another, in the rearrangement and reunion of its elements, 
the full investigation of the subject belongs most clearly to 
chemical science. 

315. The Organic Elements. — ^AU vegetable and animal 
substances are composed mainly of but four elements — carbon, 
hydrogen, oxygen, and nitrogen. These, differently united, 
make up the vast variety of organic forms which we see 
upon the earth ; they are the four letters which compose the 
alphabet of organic nature, and have been termed organogens 
(generators of organization). These elements, derived by 
plants from the inorganic or mineral world, are united to 
form different substances called proximate principles^ and 
these are again combined to produce the various organized 
structures. Thus oil, starch, sugar, gluten, and woody fibre, 
are proximate principles which are found in the various parts 
of plants. The separation of an organized substance into 
its proximate elements is termed ^(mma/e analysis; into its 
final or simple elements, ultim^ate analysis. 

316. By reference to the Chart it wiXH be seen that mor- 
ganic compounds are all binary^ united in pairs, element to 

Does Cbemistiy tnqnire into a part or all of the changes which matter undergoes? 

or what are all T^^table and animal substances composed T What have they 
been termed? What do these elements form? Give examines of proodmato prin- 
ciples. What is proximate analysis? Ultimate analysis? 

lu looUog at the Chart, what diiSareoce is seen between inoiganie and oqpnlc 
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demoity acid to base, in such a way as to satisfy affinity 
most completely, and thus form permanent combinations. 
Bnty by loolang at the organic compounds, we see that they 
aie diflSsrendy formed. The elements are united, not in 
pairs, but grouped together, by threes and fours, in such a 
way that the most powerful attractions of the elements are 
not satisfied. Thus, in water, oxygen is held by a single 
force, its affinity for hydrogen: there are no other forces 
drawmg in different directions, and tending to weaken its 
affinity; the union is therefore stable. But in sugar, the 
affinity of oxygen is divided between hydrogen and carbon ; 
it is united strongly with neither, but feebly with both. Its 
tendency to combine with one is, to a degree, counteracted 
by the affinity of the other. The forces brought into play 
in this kind of combination are 'therefore complex ; and as 
in mechamcs, complicated machinery is always most easily 
deranged, so in organization, the more complex the sub- 
stance, the more readily is it decomposed and broken up into 
ampler and more permanent compounds. Chemical piinci- 
pies thus account for the instabihty of all living things. 

317. Plan of Studying the Subject, — Organic substances 
have their origin entirely in plants. Here they are first put 
together, flEUshioned into innumerable forms, and endowed 
with all their wonderful qualities. They then pass into the 
systems of animals, which possess no power of creating or 
forming the materials of their own fabric, and can only 
trantform and consume that which is supplied to them by 
plants. These facts furnish us with a natural order m which 
to study the subject ; first the formation, and then the de* 

co mp o uu ciiT What is the mode of union of inoiganic compomids? Point out 
eoDUBplei of thbi npon the Chart. Wliat is the mode of onicMi of oiganic sub- 
Mhhss? Why are otganieeompoands less stable than hioiganic 7 

When do oqpnieiBbataneeB originate 7 Whatisthe offloe of animalB7 Hov 
AoBli flto Mldeet be |Niiiiiied7 
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struction of organized compounds. This plan is not onl^ 
recommended for its naturalness and simplicitv, but it ia 
calculated to bring out most distinctly those grand and beau- 
tiful laws which govern the organic world. Facts, otherwise 
scattered, are thus linked together in a great system, and, 
while our views are elevated and expanded, the nund is 
much aided in its efforts at acquisition. 

318. The theory of compound radicals is passed over with 
a bare explanation (391), as it is of no popular importance. 
It may be serviceable in advanced study, but even there Jts 
utility is so doubtful that it is rejected by such wthorities as 
Brande and SUliman, 

319. Germination of the Seed. — ^Vegetable physiology in- 
forms us that every perfect seed contains within it the rudi- 
ment of a new plant ; in some varieties so complete that the 
nucroscope reveals its structure, root, stem, and leaves, while 
in others it is less distinctly developed. This minute plant, 
the germ or embryo as it is called, Ues imbedded within the 
mass of the seed, surrounded by a substance well adapted 
to protect and preserve it. Wrapped in this envelope, the 
embryo remains at the disposal of external agents. In cer- 
tain conditions it continues at rest and torpid; but when 
these conditions are changed, it suddenly awakens from its 
slumber, puts forth a new power, and begins to grow ; this 
is called germination. 

320. Nourishment of the Embryo, — ^The embryo, during 
growth, derives its nourishment from that portion of the 
seed in which it is inclosed, and which consists chiefly of 
starch. But no nutriment can enter the germ except in a 
liquid form, and starch is insoluble in water ; it hence cannot 
accompany the fluid sap when it begins to circulate. To 
ramove this difficulty, nature resorts to a very beautiful pro- 

What doei ereiy perfect seed oontain? What to gernrinittoa I 
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eess. When a seed is exposed to the joint action of moisture 
and air, at a proper temperature (which may vary in different 
cases), it absorbs water and oxygen, swells in bulk, chemical 
action begins, carbonic acid is given off, its temperature lises, 
and a new substance is produced within the seed called diets- 
tern. This substance seems to be a kind of ferment (378), 
and possesses the remarkable power of converting starch into 
sugar. It is formed in very small quantity, and at those 
points where the nourishment passes mto the germ : in the 
potato it is found only in the immediate vicinity of the eyes 
or yoiuig buds. Here it performs its function, transforming 
the insoluble starch into soluble sugar or gum, as the neccjs- 
■Jties of the young plant require. 

321. The food, thus prepared, is carried into the embryo, 
which expands ; one part, the radicle, shooting downward to 
form a root, while another, the plumule, extends upward to 
the snrfiEuse, if the seed be buried in the ground. The growth 
here takes place at the expense of materials previously pre- 
pared and stored up in the seed. The germ transforms and 
appropriates, but has no power to organize the elements which 
contribute to its nourishment. 

822. Office of the Leaf. — But when the plumule, or stem, 
appears above the ground and expands its earliest leaves, 
which turn of a green color as soon as they emerge into the 
light (329, 478), the plant passes into another stage of ex- 
istence ; a new order of phenomena are manifested, which, 
for beauty and sublime interest, are surpassed by nothing in 
nature. The young plant, no longer depending for nounsn- 
ment upon ready-made nutriment furnished by the seed, be- 

Bow it fbe embiyo nourished ? What beautiful expedient is resortod to for fbt 
ACNUithmeot of the germ ? What is diastase ? 
What Ii the tme Amotion of regetables? 
Ai the matirjo ezpandst what parts appear? 
Wink wt Om oflloM of the leaff 



106 YEOETABLB OHEMIBTBY. 

gins to exert a formative power, the true y^etable fanctiao, 
and produce from the mineral elements of the earth and air 
such organized compounds as it may require for developing 
the various parts of its system. 

323. The leaf is the seat of these chemical changes, and 
whether it be an humble blade of grass, or upon the oak 
that has stood a thousand years, its office is the same : it is 
at once an organ of exhalation, digestion, and respiration, 
corresponding to the skm, stomach, and lungs of animals. 

324. The Leaf an Organ of Evaporation. — ^Water, con- 
taining mineral and gaseous substances in soluticm, is absorbed 
by the roots and carried upward, as ascending sap, to the 
leaves, from the surface of which much of it evaporates, 
leaving the remainder in a more concentrated state. This 
process goes forward in the daytime with great activity. 
Hales found that a simflower weighing three pounds exhaled 
from its leaves thirty ounces of water in a day. Evaporation 
takes place chiefly from the under surface of the leaf, through 
a midtitude of Uttie pores, or slits, called stomata, situated 
in the leaf-skin, or cuticle. These orifices vary in size, and 
are very numerous ; in the apple-tree leaf there are said to 
be 24,000 upon a square mch. — (Ghray,) They have a 
valve-like action, by which the rate of evaporation is regu- 
lated; contracting when the amount of water supplied by 
the roots is small, and opening when it is abundant. 

325. Leaves absorb Carbonic Add from the Air, — Besides 
the elements of nutrition furnished by the ascending or crude 
sap, the leaf possesses the remarkable power of absorbing 
carbonic acid from the atmosphere. Although the propop* 
tion of this gas in the air seems small (but 7^-7 ^^ ^ 



What example is given of the activity of eyaporation from the leaf ? IVcm what 
yaai of the leaf does the water escape ? What is said of these stomata? 
What other important office does the leaf peifonn? How la it adapCed ftw tUs 
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balky or by calcnlaticm about seven tons over each acre), yet 
the structure of the y^table machine is such as to draw it 
fix>m the air in a very rapid manner. The leaf, shaped so as 
to expose the largest surface, is moimted upon a slender foot- 
stalk, that it may be put in motion by the slightest breeze^ 
and its contact with the air increased; while at the same 
time, it is constantly covered with a film of moisture, which 
is highly absorptive of carbonic acid. These conditions en- 
able the foliage to withdraw this gas from moving masses of 
air in c(»i8iderable quantity. Boussingaidt passed a rapid 
cunrent of air through a glass globe containing a vine-branch, 
when three-fourths of its carbonic acid was absorbed by the 
leaves. The little mouths, or absorbent pores, which drink 
it in from the atmosphere, are situated upon the under sur- 
bee ci the leaf. This may be shown by taking a common 
cabbage-leaf, and applying the under side to a wound or cut. 
It will draw quite powerfully, inducing a discharge, while 
the upper surface will produce no such effect. — (N^orton.) 

326. Decomposing and Formative Power of the Leaf, — 
The catbonic acid absorbed from the air or contained in the 
sap is decomposed in the leaf; its oxygen being thrown back 
again into the atmosphere, while its carbon furnishes the 
solid element of wood, and enters largely into every compound 
formed in the vegetable kingdom. The plant also possesses 
the power of decomposing water and ammonia, by which 
hydrc^n, nitrogen, and oxygen are also produced, which, 
with the small proportion of mineral matters brought up with 
the sap, fuiliish the materials for all the countless variety of 
TiBgetable and animal substances. The food which we con- 
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8ume» the fabric of our clothing, and the wood which forma 
our houses and fuel, were all put together and endowed with 
their peculiar properties by the leaves of plants. They are 
thus the true builders. They organize and construct hving 
substances from the dead mineral matter of the earth and 
air. Whatever is derived, immediately or remotely, from the 
vegetable world, was produced by the subtile chemistry of 
a leaf. The newly formed compounds are carried in the cur- 
rent of descending or elaborated sap, and are deposited in 
the system of the growing plant, or stored up in the seed. 

327. Flow of the Sap. — The cause of the flow of sap in 
plants, and of the circulation of blood in animals, long re- 
mained a mystery. It has recently been investigated by 
Dr. Dmper, and shown in both cases to be immediately due 
to capillary attraction, and ultimately to electrical forces. 
The demonstration will be found in his valuable work on the 
" Chemistry of Plants." 

328. Belation of Plants and Animals, — ^We have seen 
(169) that carbonic acid, from numerous sources, and in im- 
mense quantities, is perpetually poured into the air. We 
now discover that the vegetation of the globe is charged with 
the grand function of reversing this action. Animals, by respi- 
ration and decay, withdraw from the an- its oxygen, and re- 
turn in its place carbonic acid. Plants, on the contrary, 
absorb carbonic acid, decompose it, and restore again pure 
oxygen to the air. They thus counteract and compensate 
each other. What the former does, the latter undoes. If 
animals tend to vitiate the air, plants tend, in an equal* de* 
gree, to purify it. So exactly are these antagonizdng acticMis 
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balanced in the economy of nature, that the constitilion of 
the atmosphere remains unchanged from age to age. How 
wonderful, that a few gases condensed from the invisihle air, 
translated from the systems of plants to those of animals, and 
ihen restored again to the air, should give rise to all the 
grand and awful phenomena of life and death upon this 
planet! 

829. Light controls Vegetable Chrowth, — ^The motive power 
of the yegetable machine is the light of the sun. The chem- 
, ical changes which take place in the leaf are brought about 
by the action of this force. None can fail to have observed 
that light exerts a most favorable influence upon vegetation. 
Plants made to grow in the dark are white, watery, and 
Bickly. Their products are diseased, and often poisonous, 
and they cannot mature or bear seeds. If but a single beam 
of light is admitted, the leaves and branches turn and bend 
towards it with eagerness. Even in the shade they are 
feeble and unhealthy ; but when exposed to sunlight, they 
speedily acquire a bright green tint, and become thrifty and 
vigorous. A plant was discovered in a mine, which, from 
its singular appeai*ance, was supposed to be a new variety. 
It was taken up into the light, when in a few days it turned 
out to be common tansy. 

330. The nature of the compounds produced in leaves 
depends upon the quantity or intensity of the light. Tropi- 
cal plants secrete powerful medicinal, aromatic, and coloring 
substances which they cannot be made to yield in the less 
brilliant light of higher latitudes, although the temperature 
k maintained artificially at the point to which they have been 

What Ibroe controls chanftes in plants ? What is the appoaranoe of plants grown 
In (be dark ? When grown in the shade, are they vigoroos ? What is the ellbct 
trmiiUgfat upon plants that have grown in the dark ? Give au example. 

Whal is Hid of tropical plants? How is this foet applied ? 

15 
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accustomed. This circumstance is taken advantage of in 
cultivating vegetables for the table ; for many, if raised un- 
der diminished light, may be used for food which are natu- 
rally unpleasant, and quite obnoxious to the taste. Thus 
celery, which is naturally rank, tough, and stringy, if its 
stems are blanched or made to grow in the absence of light, 
becomes esculent and palatable. The sides of fruits exposed 
to the sunlight are of a ruddy color, and of a sweeter taste 
than those parts that are shaded ; while some leaves are 
acid in the morning, tasteless at noon, and bitter at night. 

831. Compound Nature of Light — ^A ray of light coming 
from the sun produces a threefold effect — an illuminating, 
a heating, and a chemical effect. It is therefore said to be 
composed of a luminous ray which impresses the eye, a calo- 
rific ray which affects the thermometer, and a chemical ray 
which acts neither upon the thermometer nor the eye, but 
produces chemical changes, as upon the plate in the daguer- 
reotype process. By passing a ray of light through a prism 
(see Natural Philosophy), it is decomposed into a series of 
seven colors — violet, indigo, blue, green, yellow, orange, and 
red— which are thrown in this order upon an oblong space 
called the spectrum. If passed through a second prism, these 
rays are united again, and form simple white light. Dr. 
Draper has determined that the ethereal force which pro- 
duces changes among chemical atous, controUmg the decom- 
positions and combinations which take place in the leaf, re- 
sides in the yellow region of the spectrum. 

332. Mode in which Light acts upon the Leaves, — ^The 
science of optics teaches us that light consists of vibratory. 

Does a ray of light contain any other than the luminooa principle? Whai an 
they? Whatistheeflbctof passing light through a prism? In what part of the 
qtectnim does the force afibc^ing diemical atoms reside ? 

Of what does light consist ? To what are the diflbrent colors owing ? How ma| 
• ludisape or a bunch of flowers be seen to bear an aiialogy \q a piece of mute* 
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waye-like movements or widulations in an ethereal medium 
which exists throughout all space, just as sound is tLe residt 
of imdulations propagated by vibrating bodies through the 
air ; and as the different tones of sound are occasioned by 
variations in the size and rapidity of the aerial undulations 
which fall upon the ear, so the different colors are also due 
to diversity in the magnitude of the ethereal waves which 
impress the eye. And to carry the analogy still further, as 
a melodious piece of music may be regarded as the result of 
innwnerable air-vibrations of various degrees of intensity, 
skilfully arranged by the composer to produce a harmonious 
impression upon the ear ; so also a bunch of flowers, or a 
beautiful landscape, must be looked upon as produced by 
countless myriads of luminiferous wavelets, originating in the 
son, and sent across the abyss of space to act upon chemical 
atoms, and arrange them into combinations of most exquisite 
symmetry and beauty. 

833. Wbndefful Natureofthe Ethereal Action, — " A forest- 
tree, from its magnitude, rising perhaps a hundred feet from 
the groimd, and spreading its branches over hundreds of 
square yards, may impress us with a sense of sublimity. A 
section of its stem might assure us that it had lived for a 
thousand years, and its total weight could only be expressed 
by tons. An object like this may indeed call forth our ad- 
miration, but that admiration is expanded into astonishment 
when we consider minutely the circumstances which have 
been involved in producing the residt. If we conceive a 
single second of time, the beat of a pendulum, divided into 
a o^lion of equal parts, and each one of these inconceivably 
brief periods divided again into a million of other equal parts, 
a wave of yellow light, during one of the last small intervals, 

Wh4t Ttow of the enl^ect adda eurpaasing aublimity to the oontemplatton of a 
T 
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• 

has vibrated 535 times ; and now that yellow light is the 
agent wliich has been mainly involved in building up the 
parts of the tree, in fabricating its various structures, and 
during every one of a thousand summers, from simrise to 
sunset, the busy rays have been carrying on their operation. 
Who, then, can conceive, when in the billionth of a second 
fiuch enormous numbers of movements are accomplished, 
how many have been spent in erecting an aged forest oak ! 
Who also can conceive the total amount of force employed, 
from century to century, in arranging the vegetation of the 
surface of the globe !" 

334. Relation of the Sun to Vegetation, — " Look also at 
the sun ! Even the magnificent views of the astronomer are 
here surpassed, and that gigantic star no longer appears as 
a centre or focus of mere mechanical force, who draws up 
comets from the abysses of space, and with an inexpressible 
velocity precipitates them headlong back again — who afar 
off watches the revolving planet glide on its elliptic path, or 
makes the tide ebb and flow in the seas ; but he appears as 
the fountain of light and of life, who spreads in the torrid 
zone a luxuriant vegetation, and in autumn ripens the har- 
vests for our use — ^whose many-colored rays, during the re- 
volving seasons, are occupied in fashioning and forming food 
for us, or evaporating pure water from the sea, or condensing 
clouds in the sky, which give an air of change and life to 
those regions of eternal repose." — (Draper,) 

835. The Sun^s Rays a Source of Incalculable Fewer. ~^ 
All force is estimated by the effect it is capable of producing. 
The power of the solar beams may thus be definitely meas- 
ured, and it appears almost incredible. They decompose 

In what relatioDshlpfl does tho Bun appear ? 

What examples are given of the chemical power of the fim^ rays ? Can ftra 
be created or deatroyed ? 
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carbonic acid at common temperatures — an effect which all 
the resources of the chemist cannot enable him to imitate. 
It has been seen (84) that the affinity of oxygen for carbon 
and hydrogen, the power with which they imite, is very 
great. The solar beams, in separating them, must neces- 
sarily expend an equal amount of force. It is in the chem- 
ical imion of oxygen with carbon and hydrogen that the 
muscular power of animals arises. The power of the steam- 
engine is also due to the combination of atmospheric oxygen 
with the carbon and hydrogen of wood and coal. But be- 
fore these elements can unite for the production of power, 
an equal quantity of force is exerted by the sun's light i<> 
separate and arrange them. In nature, it is no more pos- 
sible to create or destroy /orce than matter. It passes from 
state to state ; but its total amount, when we take the uni« 
Terse into the estimate, is unchangeable. Power, which 
emanated from the sun, and was expended in the formation 
of vegetable structures, where it remained for a time latent 
or hidden, reappears through the admirable contrivance of 
the steam-engine, or the thousand-fold more wonderful 
mechanism of the human body. 

836. Source of the Power obtained from Coal, — ^The great 
deposits of coal which are scattered over various parts of 
the earth consist of the carbonized remains of a vegetation 
which flourished long before man appeared upon the globe, 
perhaps thousands of centuries ago. The trees of that 
period were vastly larger than those now upon the earth, 
and must have been condensed from aff atmosphere richer 
h carbonic acid than ours, and perhaps by a more brilliant 
van. And yet this coal, having slumbered in its ancient beds 
until layer after layer of rocks has been formed above it, now 

What is laid about tbe great deposits of coal ? Whence was the coal origliiaUi 
iecifed? Whence cann the power by which it was condensed ttom the air ? 
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comes forth as fix>m a reservoir of power and beneficence, to 
surrender again its ethereal agents, light and heat, for the 
nse of man, and return as carbonic acid to the air from 
whence it came. The power which we now derive from it 
was expended by the smi, millions of years ago, in separating 
it from the carbonic acid of the ancient atmosphere. 

337. The Solar Bays are the Antagonists of Oxygen,--^ 
We have seen that oxygen gas (82) is the foe of organization 
and life ; its affinity for the other organic elements being 
such, that it perpetually rends them from their- combinations, 
thus inducing constant decay and dissolution. We now per- 
ceive that the solar rays are the great antagonists of oxygen. 
Under their influence, the mineral elements are changed to 
living forms. Under the influence of oxygen, they are re- 
turned again to the inorganic world. If oxygen dilapidates, 
they renovate ; if that decomposes and breaks down, they 
construct and build up ; if that is seen in the falling leaf of 
autumn, they are proclaimed in the exuberant foliage and 
blossoms of spring. If oxygen is the n\dnspring of destruc- 
tion upon the globe — ^wasting, burning, consuming, and 
hastening the dissolution of all things — ^the solar rays con- 
stitute the mighty force of counteraction. They reimite the 
dissevered elements, substitute development for decay, call 
forth a glory from desolation, and life and beauty from the 
very bosom of death. 

338. Nature of the Plant — We may therefore regard the 
green, growing plant as the grand factory of organic nature. 
It is a machine driven by the power of solar light, whose 
office is to form and construct the compounds which are to 
be consumed by animals, for the production of force, loco- 

Whaf. is said of the relations of oxygen and the solar rays f 
How may we look upon the growing plant ? What two kinds of oompoimdi aM 
laUoned in plants ? 
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kootion, and sensation. It obtains carbon from carbonic acid, 
hydrogen £rom water, nitrogen from ammonia or nitric acid, 
and vaiious earthy and alkaline salts from the soiL With 
these elementary or mineral substances it fabricates organic 
oompounds, which are deposited in its tissues. 

We pass now to an examination of some of the moie 
important substances produced by plants. 



PRODUCTS OF VEGETABLE GROWTH. 

WOODY FIBRE. {Lisinin.) Cj, Hio Oio, 

339. Structure of Wood. — ^The substance of wood which 
abounds in the trunk^and branches of trees, giving them 
firmness and strength, is the most abundant product of 
yi^tation. Besides forming the bulk of all trees, it also 
ezuts in the straw and stalks of grain, in the membrane 
which envelops the kernel (bran), in the husk and skin of 
seeds, and in the rinds, cores, and stones of fruit. It con- 
sists of slender fibres or tubes, closely packed together. 
When first formed, these tubes are hollow, and serve to 
convey the sap or vegetable juices ; but in the heart-wood 
of trees (duramen) they become filled up and consolidated, 
the circulation of fluids taking place in the white external 
sap-wood {albumum), 

340. In most trees of temperate climates these woody 
tubes are deposited in external layers or rings, one every 
year ; so that by cutting the trunk across, and counting the 

What is tbe moot abuldant product of regetables? Where is it found? Of 
what does it ooDBist? What purposes do these tubes serre when first formed? 
What is the duramen? What is tbe alburnum? 

Bow maj we determine the age of a tree? What trees hsTO these layers moat 
I? Upon what does the baidnsss of wood depend? 
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rings, we can determine the age of the tree. Those trees 
which grow on a poor soil, in high situations, exposed to 
the wind, have these layers of fibres more dense and closely 
packed together than if grown in a protected spot, or upon 
a moist, rich soil. Upon the density with which the fibres 
are imbedded together depends the property which different 
kinds of wood possess, of hardness or softness, by which 
they are worked with ease or diflficulty. 

341. Value of Wood as Fuel, — ^Equal weights of differ- 
ent kinds of wood give out the same amount of heat in 
burning if they are equally dry. But wood varies greatly 
in the amount of moisture it contains, and upon this circum- 
stance mainly depends the economy of different samples for 
fuel. The proportion of water contained in wood may be 
ascertained by drying the shavings in an oven at 140°, and 
determining the amount of loss by weighing. Green wood 
contains from 20 to 60 per cent, of water (sap) ; birch has 
30, oak 35, beach and pine 39, elm 44, and poplar 50 per 
cent. Wood dried in the air (seasoned) for a year, still 
contains from 20 to 25 per cent, of water. If dried at a 
strong heat (kiln-dried), it yet retains 1 per cent, of moist- 
ure, and begins to carbonize (char) before parting with it 
all. Thoroughly kiln-dried wood afterwards absorbs from 
the air 10 or 12 per cent, of water. 

342. The presence of water diminishes the value of wood 
for fuel, by absorbing and carrying off the heat dming its 
conversion into steam, and by causing slow and imperfect 
combustion. One pound of artificially dried wood will raise 

Upon what circumstance does the economy of dillbrent kinds of wood for PaxA. 
depend? How is the proportion of water contained in wood ascertained? GiTO 
the per centage in different specimens of green wood. How much wator doei 
season 3d wood contain ? When iLiin-dried, how much ? 

How does water diminish the value of wood fat fliel? What amount ot heU 
wUlapoundof dried wood produce? How much oxygen will it cooflnme ? 
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85 pounds of water from the freezing to the boiling point, 
and consume the oxygen from 148 cubic feet of air. 

348. The Chemical Properties of Fuel adapted to the 
Wants of Man. — " Next to his food, man's most pressing 
want, even in the rudest state of society, b protection 
agmnst cold. He employs fire for this purpose ; that is to 
say, he takes means for developing, violent chemical action 
between the elements of certain combustible substances and 
the oxygen of the air, and of availing himself of the heat 
thus disengaged. But does one man in a thousand, while 
enpying the warmth of his fire, reflect for a single moment 
upon the combination of circumstances to which his pleasure 
is due ? Does he reflect on the very peculiar nature of the 
fuel provided for him in the forest or the field, or in the black 
bituminous coal, the relic of a vegetation now passed away ? 
Does he pause for a moment to consider that the character- 
istic components of his blazing log, the carbon and the hy- 
drogen, are the only elementary substances in existence fit- 
ted for the purpose ; the only bodies whose products of 
combustion are of such a kind as to pass off in invisible and 
odorless forms, to mingle in the air, and eventually to return 
again into the very same condition as that which has just 
been destroyed ? It is most wonderful, when we reflect on 
these things, to observe how much our physical happiness 
depends upon what some will call accidental circumstances. 
la it by accident that carbonic acid is odorless and harmless 
unless in considerable quantity, while the oxides of all other 
combustible substances capable of existing in a gaseous 
state are pungent and irritating, and insufferable in the 
smallest doses ?" — {Fotimes.) 

344. Preservation of Wood from Decay, — The decay of 
wood is caused by the action of moisture and oxygen upon 

Uow are wood and coal especially adapted for (Uel ? 
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its outer surface and within its pores, and also by albumen 
{Si 4), a putrefiable substance contained within its sap. It is 
therefore preserved by covering it with a coatmg of paint or 
other preparation, which protects it from air and moisture, 
and also by expelling the sap and filling its pores with un- 
changeable substances, as soluticms of mineral salt. Kyan^ 
ized wood is such as has been thus impregnated with cor- 
rosive sublimate (bichloride of mercury), which precipitates 
the albumen, rendering it insoluble and harmless. 

345. Boucherie, of France, impregnated wood with com- 
mon salt and pyrolignite of iron,^ by fellmg the trees in sum- 
mer, and immersing the lower ends of their trunks in the 
saline solution ; as the water evaporated from the foliage 
the liquid was drawn up into the trunk, and at length made 
its appearance in the leaves. He found that green wood 
required about one-fortieth its weight of the preserving (an- 
tiseptic) liquid, and became harder, tougher, more durable, 
and less combustible than by natural seasoning. Steaming 
wood, or soaking it in water when newly cut, tends to pre- 
serve it by dissolving out its sap. 

346. Cloth and paper are composed of wood, linen and 
cotton consist of woody fibre nearly piire. Flax contains a 
gray coloring matter, which is removed by bleaching and 
boiling in ley ; it is then perfectly white. The fibres of 
cotton are white when they come from the pod (except the 
yellow nankeen cotton), and the goods are bleached only to 
remove the soil which they have acquired by manufacturing. 
Paper, as well as the clothing we wear, is therefore com- 
posed of woody fibre, being made chiefly from waste cottcm 

What causes the decay of wood ? How does paint preserve it ? What is kjaii> 
iced wood? 

Describe Boacberie*s method of preparing wood for pre8ervati<ni. 

What are linen and cotton composed of? What is said (tf flax ? Of ootlflli 
fibres ? Of paper ? Describe the procees of pqier-making. 
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ind linen rags ; for the coarser kinds, old ropes and cut 
Btiaw are used. In this process, tlie rags, after being 
Ueacbed by chlorine, are boiled in alkali, and reduced to 
pulp by means of a beating-engine. The pidp, formed into 
■beets and dried, is blotting paper. To convert it into writ- 
ing paper it is soaked in a preparation of glue and alum, or 
of rosin and alumina (sized), and then pressed between hot 
iron plates. 

847. Wood may he made explosive — Gun-cotton, When 
raw cotton is steeped for a few minutes in equal quantities 
of nitric and sulphuric acids, and then carefully washed with 
water and dried, it becomes explosive, like gunpowder, and 
forms gun-cotton. Flax, tow, and even purified sawdust, 
may also be made dmilarly explosive. The change that 
takes place consists in separating the elements of water from 
the woody fibre by sidphuric acid, and their replacement by 
nitric acid, which is also a large element of gimpowder. 
The explosive power of gun-cotton is eight times greater 
than that of gimpowder {Silliman), but it is very dangerous, 
being liable to inflame at low temperatures. It ignites at 
850O F. 

348. Collodion is a solution of gun-cotton in ether. It is 
applied to wounds ; the ether evaporates, leaving a film 
which excludes the air and favors healing. 

849. Composition of Pure Wood, — ^Pure woody fibre is 
white, tasteless, insoluble in water and alcohol, and has a 
qpedfic gravity of 1*5 ; hence all wood, when deprived of 
the air within its pores, sinks in water. It belongs to a 
class of bodies called the ternary group — starch, sugar, 

Hofw is goiMXittoii formed ? What change takes place ? How does It compare 
With gimpowder in explosive power ? Why is it dangerous? 

What is collodion? For what is it used ? 

What are the properties of pure wood? Tb what class of bodies does it bekngY 
For what are thej remarlcable ? How do thej diHto? 
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and gum (see Chart) — ^wbich are remarkable for containing 
an equal number of oxygen and hydrogen atoms ; their 
composition is therefore simply charcoal and water {hydrate 
of carbon). They all contain the same quantity of carbon, 
differing only in the proportions of water; they are thus 
readily transformed one into another, and may all be pro- 
duced by plants out of simple carbonic acid and water. The 
formula for woody fibre, obtained from Dr. Front's analy- 
sis, gives Cit Ilg Og. Cellulose, a substance associated 
with woody fibre, has the composition C^ H,o Oio. We 
have no unobjectionable data from which the atomic equiv- 
alent of lignin can be inferred. — {Brande,) 

350. Heat changes Woody Fibre into Starch. — ^When fine 
sawdust is b(Mled in water to separate every thing soluble, 
and then dried and several times heated in an oven, it be- 
comes hard and crisp, and may be ground into a fine meal, 
which has a taste and smell similar to that of ground wheat ; 
it ferments when made mto a paste with yeast, and produces 
a uniform spongy, nutritious bread. — {Autenrietk,) 

351. Wood may be converted into Sugar and Starch. — 
Wood, when dipped in strong sulphuric acid, is charred ; that 
is, the acid attracts from it the elements of water, while the 
carbon remains. If shreds of old cotton or linen, which con- 
sist of nearly pure woody fibre, are boiled for several hours 
in diluted sulphuric acid, they are converted first into gum, 
ana then mto grape-sugar (368). By this process the rags 
will yield more than their weight of crystallizable sugar. 
Woody fibre is also converted into starch, by boiling with 
caustic potash. 

352. Distillation of Wood. — ^When wood is burned in 

How may woody fibre be converted into starch ? 

Bow may it be changed to sugar? 

What is the result of the distlUatioo of w(todT 
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dose vessels (destructive distillation), or with but a partial 
access of air, it gives rise to a large number 'of compounds^ 
depending upon tbe nature of the various substances con- 
tained in its tissue. Among these are carbon, olefiant gas, 
and anmionia, which have already been noticed, and we can 
g^ce at but one or two others of the most important. 

363. Pyroligneous Acid is A crude vinegar distilled from 
wood : nearly half a pound may be produced from a pound 
of beech-wood. It is a brown, acid liquid, haviag a strong, 
smoky taste and odor. It is cheap, and contains acetic acid. 
It IS extensively employed to manufacture salts, the acetates 
used by dyers as mordants. 

354. Creosote is a brown oily liquid, obtained from wood- 
tar and pyroligneous acid. It has a powerful, smoky, burn- 
ing taste, corrodes the skin, and mixed with alcohol and oil 
of cloves, it is used as a remedy for toothache. The term 
creosote means fiesh-preserver. Meat steeped for a few hours 
in a solution of 1 part creosote to 100 water remains sweet, 
and will not putrefy. It preserves the flesh by coagulating its 
albumen (374). The same effect is produced by vapor of 
creosote which eidsts in smoke. Meat and fish, exposed to 
the smoke of green wood, imdergo a like change. It is 
this vapor in smoke which renders it so irritating to the eyes, 
causing the flow of tears. 

866. Slow Decay of Wood, — ^When wood, straw, or leaves 
are exposed to the air, they turn of a brown or black color, 
and undergo a slow burning, or decay {eremacavMs), The 
change that here occurs is the same as in active combustion, 
the only difference being, that in the first case it takes years. 

What is pyroligneoos acid ? For what is it used ? 

What is the meaning of the word creosote? How does it presenre flesh 7 Doea 
It exist in smoke? 

What is the diflterence between slow decay and actiye oombostion ? To what is 
the duk color of rich soils owing? 
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while in the latter it is d(me in minutes. - The hydrogen is 
oxidized first (76), and most rapidly; the residne, ai coarse, 
contains an increased and constantly increasii^ propcMrtion 
of carbon, which gives it a darker color. It is thns that Yeg» 
etable matter in different stages of decomposition (hmnns^ 
nlmine, geine, v^etable moold, &c.) impart a black, rich ap- 
pearance to scS\&, 

356. Carbonaceous matter ocmstantly accmnnlates in the 
soil (^forests, which proves that it must be derived from the 
atmosphere. It is removed from sdls by cropping, and may 
be restored by adding vegetable and animal manures, by 
ploughing in fresh plants (^fnem-maiiirriii^), or by cultiva- 
ting those which leave many roots in the earth. A crop of 
clover was found to leave in the s<n1 several thousand pounds 
weight of roots, while wheat did not leave \ this quantity. 

357. Mineral Coal derived /ran Vegetation, — ^Mineral 
coal was formed in the earth from an ancient v^retation, by 
a kind of smouldering dec<»nposition, such as moist y^reta- 
ble matters, straw, and manure undergo when placed in 
compost heaps. The trees were collected in basins by 
floods and covered with mud, where they were graduaDy 
carboniaed. In anthracite coal, which consists of neaily 
pure carbon, this decay has reached its last stage ; in ihd 
bituminous coal it is less advanced, much hydrogen atill 
remaining; the bitununous variety, therefore, bums with 
flame, while anthracite does not. 



HoviittdioinitobedertTedltaBtheateoaptent Whn 
plug, how maj it be reatoredf 

Bo«r was Binenl coal temedf WkrtiattM 
UtamiBOOicoal? 
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STARCH. {Fecula,) 
Cit Hio Oio. 

858. Proportion of Starch in different Grains, — Starch is 
an abundant vegetable product. It is deposited in the 
grains, seeds, roots, stems, and fruits of many plants. Po- 
tatoes (different varieties) contain from 10 to 20 per cent, of 
■tarch ; buckwheat, 52 per cent. ; barley-meal, 67 ; oatmeal, 
59 ; rye flour, 61 ; wheat flour, 56 to 72 ; Indian com, 80 ; 
rice, 82 ; peas, 32 ; and beans, 35 per cent. — {Pereira,) 

859. Appearance of Starch Chrains. — ^Pure starch is a 
snow-white powder of a glistening aspect, which makes a 
crackling noise when pressed with Fig. 19. 

the finger. It is composed of trans- ^^ kP^^^^fk 
parent rounded grains, the size of ^ ^^ lyy/ 

wluch varies in different plants from 

1^7 ^ 7iAn> ^^ ^^ ^^^ ^ diam- 
eter ; beimr lar&^est in the potato, and ^ , ^ ^ 

f*^^ 6 ^ ' Potatoes. A^oOQ 

amallest m wheat. Exammed by a "^ ^ 

microscope, the whole surface of the 
grain appears covered by parallel 
rings, which seem depressed or cut Beans. (3 (^ O qA 
into it. The grains have a laminated 
texture, consisling of a senes of con- 
centno layers or membranes, the ^^^^ ©oQ G>(7) 
outermost of which is the thickest ^ 

<xr firmest Fig. 19 represents sev- 
eral different kinds of starch grams. Sago. 

860. Preparation and Uses,— (starch Granule..) 
Starch is obtained from potatoes by 

grating them, and washing the pulp upon a sieve. The 

WkaAla laid of the amount of itareh in diflbrent Tegetabkat 
Wkil la itaich oompoeed of? 
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water carries ofif the starch in suspension^ and depodts 
it on standing. From flour it is procured by making it into 
a paste with water, and washing it in a similar manner. 
Starch is insoluble in cold water ; but in boiling water the 
grains swell, the outer membranes burst, and their contents 
ore dissolved out, producing a pasty or jelly-like mass 
(gelatinous starch, or amadine). This is the reason why 
starch once dissolved in hot water can never be restored to 
its original condition. In this state it is employed for stiffen- 
ing and imparting a gloss (dressing) to various fabrics and 
articles of wearing apparel. Prussian blue or indigo is usually 
added to starch, to cover the yellowish hue it obtains by so- 
lution, and the tinge which fabrics long worn are apt to 
acquire. Potato-starch absorbs water much more freely than 
wheat-starch, and goods that are stiffened with it are hence apt 
to give in damp weather, and to become mouldy, if laid by. 
361. Starch as Food, — Starch is an important element of 
food. It belongs to a class of substances {sugar, gum, d^c.) 
which contain no nitrogen, and therefore cannot be converted 
into the fabric or flesh of the animal body, as this always 
contains nitrogen. They seem designed to be consumed 
(burned) in the system for the production of animal heat« 
and are hence called elements of combustion or respiration. 
Liebig maintains that they are converted into fat, which is 
also a non-nitrogenized body. Other chemists have denied 
this. The stomach of man is incapable of digesting starch 
in the raw state. It cannot break or dissolve the grains ; 
hence the necessity that such food should be previously 

How is starch obtainod from potatoes and floor ? What is the efltet of boiling npoo 
starch 7 For what is the gelatinous starch used 7 Why is hidigo added 7 Whal 
is said of potato-starch 7 

Why cannot starch hQ conyerted into flesh 7 What is supposed to be its office in 
thcqrstem7 Why must starch be cooked before being eaten by man 7 Wbat ift 
said of the lower &nima]87 
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cooked. The inferior animals possess a higher digestive 
power, and make use of starch in the raw condition ; but it 
has been found that all is not digested, a considerable quan- 
tity of alimentary matter passing through the intestines en- 
tirely xmafifected as when it was swallowed. Hence the ad- 
vantage of boiling potatoes and partially fermenting grain for 
feeding stock. 

362. Different Kinds of Starch, — There are several kmds 
of starch in use for dietetical purposes. Sago is a brownish- 
white variety, obtained from the pith of the palm-tree. It 
is used to form a light, nutritious, easily digestible article of 
food for invalids, in febrile and inflammatory cases. Arrow- 
root is a pure white starchy powder, obtained from the tubers 
of a plant grown in the West Indies. It forms a nutritious 
jelly, and an agreeable, non-irritating diet. Tapioca is 
another much esteemed variety of starch. It is greatly 
rehshed by infants about the time of weaning ; and in them 
it is less apt to become sour during digestion than any other 
farinaceous food. — {Christison.) These varieties are very 
c^ten adulterated with potato-starch and ground rice. Such 
impurities may be easily detected with the microscope, as 
the grains of each variety are pecidiar and distinct in their 
form and appearance. 

363. Transformations of Starch, — ^When starch is heated 
in an oven to a temperature not exceeding 300° F., it be- 
comes soluble in cold water, and is changed into gum. It is 
sold under the name of starch-gum, or British gum, and is 
Buccessfolly substituted for gum- Arabic by the calico-printers, 
in thickening many of their colors. If gelatinous starch is 
boiled for a few minutes with weak sulphuric acid, it changes 

Whatlatago? Arrowroot? Tapioca? How are they adulterated ? 
What It BrttMi gum? Forwbat is it uaed? What is dextrine? Howmaf 
rtaroh he changed to grape-Bogar? What ia said ofthe action of diaataae? 
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from a yiscid mass to a limpid fluid, and a substance is pro* 
duced called dextrine, which resembles gum in its properties. 
If the boiling is continued for a few hours, and the acid re- 
moved by neutralizing it with chalk and filtering it, the 
liquid will be found to yield upon evaporation a mass of solid 
grape-sugar (368) exceeding in weight the starch from which 
it was produced. In effecting these transformations the acid 
suffers neither loss nor change, and may be obtained at the 
close of the process in the same condition and quantity as at 
the beginning. Dextrine has precisely the same composition 
as starch. The grape-sugar contains an mcreased proportion 
of the elements of water (see Chart). In the same way 
diastase, a nitrogenized principle formed in seeds during 
germination (320), acts upon starch, converting it first into 
dextrine and then into sugar, without itself undergoing any 
change. It acts by the power of catalysis (31). 

364. Starch changed to Sugar in Fruits. — ^Unripe fruit, 
as apples and pears, contain starch, which as ripening pro- 
ceeds is gradually changed to sugar. The transformation 
of starch into sugar seems also to be effected by frost, as 
frozen potatoes and apples acquire a sweet taste by being 
thawed. The formation of starch goes on in the vegetable 
tissue after the fimctions of the plant have ceased. Thus, it 
has been stated that 100 lbs. of potatoes cont^ of starch, 
m August, 10 lbs. ; in September, 14|- lbs. ; in November, 
17 lbs. ; in March, 17 lbs. ; in April, 13f lbs. ; and in May, 
1 lbs. The quantity of starch thus increases during autunm, 
remains uniform through the winter, and in spring, when the 
germinating principle begins to be active, it diminishes — is 
transformed into dextrine and sugar by the agency of diastase, 

- ■ ■ — t^ I 

What is the efllBct of ripening upon the starch of firoitst What ohanga Is pro* 
Aooed by frost? What ia said of the increase of ataich In th«T«KBtabl»tl«Mf 
What example ii given ? 
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GUM. (Mneiloffe.) 
Oat Hio Oit, 

865. Properties of €hm. — ^The tenn gum is applied to a 
dasB of bodies such as are sometimes seen exuding in small 
globules or tears from the bark of cbeny, plum, and apple 
trees. They are translucent, tasteless, inodorous, and either 
disBolve in water, or swell up and form with it a thick mucil- 
age. They are produced quite abundantly in plants, flowing 
from the bark of seyeral tropical trees in such quantity, as 
to be collected for commercial purposes. Some articles of 
diet yield the following proportions of gum : Wheat flour, 
2'8 per cent. ; rye flour, 11 ; Indian com, 2*2 ; peas, 6*3 ; 
kidney beans, 19 ; potatoes, 33 ; cabbage, 2*8. It is con- 
sidered to be nutritive, but not easy of digestion. It is a 
hydrate of carbon (349), and ranks with the elements of 
respiration (361). 

866. Gum-Arabie, perhaps the best known of the gums, 
Ib a hard, brittle substance, the finer kinds being white, the 
more common of a yellow or brown color. Its solution is 
very adhesive, and is used to form pastes. Pieces of it are 
also slowly dissolved in the mouth, to allay troublesome 
cough and irritation of the throat. It is collected from the 
baik of trees in Arabia and Senegal. Gum- Senegal is essen- 
tially the same thing. 

SUGAR 

86!r. Proportions %n different Substances. — ^This is the 
sweet substance of plants, and is a very common product of 
vegetable growth. It is found in various articles used for 

WhataietlMiMopertieiorgiiin? WheraliUfoiiiidf 

WkaAli gum- Arabic? ForwhatisUuaed? When is it obtained? 

Wliatare the proportlaiiB ofaogar in diflbnot artklfls ofibod? 
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food, in the following proportions : Wheat flour, 4'2 to 8*4 
per cent. ; wheat bread, 3*6 ; rye flour, 3*2 ; Indian com, 
1*4; figs, 6*2; ripe pears, 6*4 — kept for some time, 11 "6; 
ripe gooseberries, 6'2 ; cherries, 18 ; peaches^ 16 ; melons, 
1*5 ; cow's milk, 4*7 per cent. 

368. Cane-Sugar and Chrape-Sugar, — ^There are two 
principal varieties of sugar. That which is extracted from 
the juice of the sugar-cane, green corn-stalks, beet-roots, and 
the maple-tree, is called cane-sugar. It is the kind in com- 
mon use. The other is obtained by the transformation of 
starch and dextrine, and is abundant in fruits, as the apple, 
pear, plum, cherry, and fig. It is especially abundant in 
grapes, and is hence called grape-sugar — also starch-sugar, 
or glucose. The white, sweet grains in raisins are grape- 
sugar. It also forms that portion of honey which soUdifies. 
These two kinds of sugar difler in composition and proper- 
ties. Cane-sugar has the formula C|2 Hn On, and is dis- 
solved freely by one-third its weight of cold water. Grape- 
sugar is represented by 0^ H14 O14, and dissolves slowly, re- 
quiring one and a half times its weight of water. Two 
ounces of cane-sugar are equal in sweetening power to five 
ounces of grape-sugar. 

369. Mode of obtaining Sugar, — ^The annual production 
of sugar in various parts of the world is estimated at about 
one million of tons. — {Dr. Carpenter,) This is chiefly ob- 
tained from the sugar-cane; the beet-root and the maple 
yielding but a small proportion. It is procured by crushing 
the cane-stalks between cylinders, collecting the juice, and 
evaporating it by boiling in large open vessels. When re- 

What are the principal varieties of sugar 7 Which has the greatest Bireetenii^ 
power? 

What is the annual produce of sugar throughout the woild? From what Is it 
chiefly obtained? Howis it procured ftom the mnnlWinllrn? Howls the 
ngar refined? How is it whitened? 
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dnced to a proper consistency, the syrup is transferred into 
coolers, where a portion of it crystaHizes, forming raw or 
brown sugar. The iincrystallizable portion is drawn off as 
molasses. The juice, when first expressed, is liable to run 
into rapid decomposition, from the heat of the climate. This 
is prevented by the addition of a small quantity of lime^ 
which neutralizes acids and coagulates the impurities. Hence 
traces of lime are always to be detected in crude or brown 
augar. The raw sugar is refined by dissolving it in water 
mixed with some albuminous substance — ^white of eggs, or 
serum of blood, and heating again. The albumen coagidates, 
and thus removes the impurities. One gallon of cane-juice, 
upon an average, yields a pound of sugar. To whiten or 
decolorize the syrup, it is filtered through a bed of coarsely 
powdered animal charcoal (163). It is then evaporated in 
vacuum-pans (the air being exhausted so that it will boil at 
a lower temperature), and recrystallized, forming the glisten- 
ing white loaf-sugar. Beet-roots are treated in a similar 
manner — 100 pounds yielding four or five pounds of puri- 
fied white sugar, besides a quantity of syrup. 

370. Uses of Sugar, — Sugar is made use of by every- 
body as a deli/ious and healthful element of diet. As it 
belongs to the ternary group of bodies, it is considered to 
act as fuel for the system, being directly consumed in respi- 
ration (361). Sugar is extensively used m domestic economy 
as an antiseptic — that is, to prevent the decomposition or 
putrefaction of organic substances. It preserves fruits by 
separating their water, and fixing it in an unchangeable 
syrup, and by excluding the air. It is employed by many 
for the preservation of meat and fish, as a much smaller 
quantity of it is required to prevent putrefaction than of 



How It logar luppoted to act in the system? How does it pramrro frnilit 
Wby li tt nid to be tnpc^r to salt in preserving meat t 
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salt, while the meat is said to be equally savory and nutn« 
tious. 

371. White vyru/p is the thick, oil-like solution of sugar 
in ^irater. If this is set by, and allowed slowly to evaporate^ 
the sugar gradually deposits itself (crystallizes) in the form 
of sugar-candy. The liquid sugar of honey is thus, after a 
time, deposited as a granular solid, forming candied honey. 
Candied sweetmeats are produced in the same way. When 
sufficiently heated, sugar becomes brown, loses its sweet 
taste, and acquires bitterness. In this state it is called earw- 
mel, or burnt sugar. When dissolved in water, it is used to 
color soups and sauces, and also various liquors. 

OF THE ALBUMINOUS COMPOUNDS. 

4 

372. TJieir Similarity of Composition. — ^The bodies we 
have just been studying are associated in plants with an- 
other class of substances, less abundant, but equally impor- 
tant — ^the albuminous or nitrogenized compounds. They 
consist of the four organic elements, carbon, hydrogen, oxy- 
gen, and nitrogen (hence called quaternary compownds), 
together with a small quantity of sulphur and phosphomi^ 
although it is too minute to be determined in atomic propor- 
tions ; for this reason these substances are not repres^ted 
upon the Chart. This group consists of albumen, gluten <x 
vegetable fibrine, and caseine, all haying the same chemical 
composition (C48 Has O^ Ng). — {Idebig.) It has hitherto been 
assumed that these compounds contain, as basis, a common 
principle called proteins, hence they have been called pro- 



What is white syrap ? How are candied honoy and candied swertmeats pro* 
dnced? What is caramel 7 For what is it used 7 

What are the albuminous compounds composed of? Why are oofc tfa* la^iv 
iBd phosphoms repraiented upon the Chart ? 
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Uinaceous compounds; but recent researches have reudered 
it doubtful if such a principle can be obtained. 

373. Vegetable Albumen. — ^When the water which has 
been used to wash starch from wheat flour or rasped pota- 
toes is allowed to stand until it becomes clear, and then 
boiled, it assumes a turbid appearance, and deposits a flaky, 
white substance, known as vegetable albumen. This sub- 
stance is identical in composition and properties with white 
of ^[gs| and is named albumen from albue, white. When 
dried it forms a brittle, yellow, gummy mass. It dissolves 
In cold water, forming a glairy, tasteless, and nearly colorless 
fluid; but if heated to 160° it coagulates^ that is, becomes 
solid, and will not again dissolve in water, either cold or hot. 
Liquid albumen is not only coagulated by heat, but also by 
alcohol, creosote, and corrosive sublimate. It is also coag- 
ulated by most adds, with which it unites as a base, form- 
ing definite compounds. Coagulated albumen is dissolved 
by the alkalies, towards which it acts as an acid, combining 
with and neutralizing them. Boiled eggs furnish a familiar 
example of coagulated albumen. 

874. Albumen easily putrefies. — A most remarkable prop- 
erty of albumen is its instability, or tendency to decompo- 
sition. This is due to the complexity of its composition 
(316), as it consists of six elements and a large number of 
atoms (C41H16 Oj4 No -f S P), and also to the fickle nature of 
its nitrogen (115). Dissolved in water, and at common tem- 
peratures, it is speedily broken up, and runs into putrefac- 
tion ; this property is destroyed by coagulation. Decay in 
the starch group gives rise only to carbonic acid and water; 
but in albumen, in addition to these, hydrogen combines 

Hoir is T«getable albumen obtained 7 Whence does itderire its name? Wha* 

■•itapropertlee? By what agencies is it coagulated? How do alkalies aflbct it? 

Whf is attramen so unstable? What are the products of decay in this groop? 
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with nitrogen, sulphur, and phosphorus, forming ammonia, 
sulphuretted hydrogen, and phosphuretted hydrogen. The 
disgusting odor emitted by putrefying animal substances is 
th«is caused by the decomposition of albumen and its con- 
geners. The sap and juices of all plants cont^ more or 
less of dissolved albumen, which is an active cause of fer- 
mentation, and of decay in wood. It is also a constituent of 
the blood and flesh of animals, and, in the same manner, in- 
duces in them rapid putrefactive changes. Any process, 
therefore, which coagulates or fixes the albumen in an in- 
soluble compound, or which removes it from the living tis- 
sues, tends to preserve them, by arresting decomposition. 
Substances which act in any of these ways to prevent putre- 
faction are called antiseptics, 

375. Vegetable Caseins, — ^When pea or bean meal is soaked 
in water, and the albumen removed by coagulating with 
heat, if a little acid be added to the clear liquid, a white, 
filmy substance is deposited, known as vegetable caseine, from 
its resemblance to the caseine or curd of milk. It contains 
nitrogen, and has the same composition as albumen, but 
differs from it in not being coagulated by heat. It contains 
no free phosphorus, but a large proportion of phosphate of 
lime. 

376. Vegetable Fibrine, — If the flour of wheat or other 
grain be made into a paste, and kneaded in a linen cloth, 
with the addition of water, imtil the starch is all removed, 
there remains a gray, tough, adhesive, elastic substance, 
which may be drawn out into strings, known as gluten or 
vegetable fibrine, from its identity of composition with the 
muscular fibre of flesh or lean meat. Gluten also contains 



To what is the unpleasant smell of putrefying animal sabatanoea due? How ma^ 
decay be obviated ? What are antiseptics ? 
How ia vegetable oaaeine obtained 7 How does it diiBv flrom albomenl 



OF THB ALBUHmOUS COMPOUNDS. 193 

nitrogen, and has the same formula as albumen and caseinc. 
Gluten is odorless and tasteless ; it swells up in water with- 
out being dissolved. When dried, it shrinks and hardens 
into a yellowish substance resembling horn or glue. In the 
moist state, gluten, like albumen and caseine, putrefies rapidly. 
Wheat contains from 8 to 35 per cent, of gluten, Indian 
com 12 per cent., rye 9 to 13, barley 3 to 6, oats 2 to 5, 
beafis 10, potatoes 3 to 4, red beets 1*3, turnips O'l, and 
eabbage 0*8 per cent. 

877. Elements of Nutrition, — ^These nitrogenized com- 
pounds are of very great interest, as they exist in all fooda 
that are adapted for the support of animals. They are the 
flesh-forming principles — the true elements of nutrition, out 
of which the animal fibres and tissues are constructed. The 
nutritiye value of food thus depends greatly upon the pro- 
portion of its albuminous constituents ; and as wheat contains 
a larger share than any other grain, it is ranked as the most 
nutritiye. But the same kind of grain differs very much in 
the relative quantity of its nitrogenized principles when 
grown in different conditions. Manures abounding in nitro- 
gen increase the albuminous products of vegetation. Thus 
tmmanured wheat gave 9 per cent, of gluten, that manured 
with solid excrements of the cow gave 11 '9, of the horse 
13*6, of the sheep 32, with ox blood 34, and with the fluid 
excretions of man 35 per cent. The wheat of warm climates 
is s^d to abound more in gluten than that grown in colder 
legions. Those fertilizers which produce the largest propor- 
tion of gluten are richest in nitrogen, and, as a necessary 
eonsequence (115), are very liable to decomposition, the ni 



What is g^aten ? What are its properties 7 

What is said of the nitrogenized conpoanda? Upon what does the nntritivA 
VBhie of food depend ? What is the eflbct of the nitrogenized mannres upon grain 
Whj li pncantion needed to save tliem? 

17 
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trogen escaping into the air as ammonia. This "mil be pre* 
Tented (127) by the skilful farmer. 



ACTION OF THE ALBUMINOUS PRINCIPLES UPON THE 
STARCH GROUP.— PRODUCTION OF ALCOHOL. 

878. Nature of Fermentation, — A solution of sugar in 
pure water remains unchanged ; exposed to the air it grad- 
ually evaporates, the sugar crystallizes, and may be obtained 
again in the same state as it was before being dissolved^ 
But if to the saccharine solution there be added a little pu- 
trefying flesh, blood, cheese, flour, milk, white of egg, or 
any albuminous avhatance in the act of decomposition, this 
action is communicated to the sugar, which is decomposed 
and broken up into new compounds. The substance thus 
added is called ferment, and the -process fermentation. The 
conditions of this fermentation are the presence of sugar in 
solution, or in a moist state, the presence of an albuminooB 
substance in a state of putrescence, and a favorable temper- 
ature, from 70° to 80° F. If the juices of plants which 
contsdn sugar, as that of apples, grapes, <fec., are extracted 
and preserved, without the contact of air, they remain dweet; 
but if the air is admitted, its oxygen soon induces a putre- 
factive change in the albuminous substances, and this in turn 
is communicated to the sugar. This is known as the vinous 
fermentation. 

379. Mode of Action of Ferment, — ^The way in which 
ferment acts upon sugar is not well imderstood ; but there 
is no combination between the elements of the two sub- 
stances. From the small quantity that may be employed. 

What is fennent? What is fermentation? WhatawtheoonditiriMicffiBniaD* 
tution ? What is vinous fermentation ? 
How does the ferment act in producing change T 
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it has been supposed by some to act by its presence (31) ; 
others think that the atoms of the decomposing ferment 
heing in a state of motion, communicate motion also to the 
atoms which compose the sugar, and thus overtum their 
nicely balanced affinities. It is probably a kind of infection, 
•ach as is propagated to a sound apple by placing a rotten 
one in contact with it. 

880. Production of Alcohol. — By fermentation, sugar is 
eonverted into carhonic add and alcohol. An atom of grape- 
sugar, C|i Hi, Oi, + 2 H 0, having parted with its two atoms 
ijf water by heat, gives rise to four atoms of carbonic acid 
and two of alcohol, C4 Hg Oj. (See Chart.) Cane-sugar is 
always converted into grape-sugar before it undergoes fer- 
mentation. Commercial alcohol is obtained chiefly from 
grains which abound in starch ; this is converted by the 
albuminous principle of malt (diastase) into grape-sugar, 
and the fermentation being continued, alcohol is produced. 
The glutinous portion of the grain employed is converted 
into yeast, which possesses the same property of inducing 
fermentation in other bodies. Alcohol is separated from the 
watery solution in which it is generated by distillation. It 
boils, and is converted into vapor at a much lower temper- 
ature than water (173° F.). It may therefore be obtained by 
vaporiang and condensing in separate vessels ; but it still 
retains a portion of water, which may be removed by quick- 
lime. 

881. Properties 0/ Alcohol. — ^Pure alcohol is a colorless-, 
molnle fluid, of a pleasant, fruity smell, a burning taste, and 
has never been frozen. Its sp. gr. is 0*795 ; it is therefore 

Gifo the ciianges which an atom of grope-sugar undergoes during its convoraloB 
fttoiloQlioL What becomes of the starch in grain? What of the gluten Y How 
Ikthe eloobol obtahied pure ? 

WhUnelhepvpertiesofaUxdiol? For what ii tt wed f 
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about one-fiftli lighter than water. It is very volatile, and 
has a strong affinity for water, on which account, together 
with its" property of coagulating or hardemng albumen, it 
acts as a powerful antiseptic (374), and is used to preserve 
organic substances from putrefaction. This is also the rea* 
son why alcoholic liquids, when exposed to the air, attract 
moisture and increase their quantity of water. It is very 
combustible, burning without smoke, and producing an in- 
tense heat ; it is therefore much used in lamps by chemists ; 
it is also extensively employed as a solvent. It is a power- 
ful stimulant, and produces remarkable effects upon the hu- 
man constitution (614.) 

382. Quantity of AlcoJiol produced from different Stdh 
stances, — Equal weights of the diflferent grains give nearly 
equal quantities of alcohol. 100 lbs. of wheat, rye, barley, 
oats, and Indian com yield, upon distillation, an average of 
4j gallons of spirits, containing 45 per cent, of absolute 
alcohol; 100 lbs. of beet-roots produce Ij-, and 100 lbs. of 
potatoes, 1|^ gallons. By adding together the equivalents 
of the alcohol and the carbonic acid produced by an atom 
of sugar in the vinous fermentation, they will be found to 
be nearly equal (92 to 88). About one-half the weight of 
the grain consumed in distillation passes off as carbonic add. 
To every gallon of pure alcohol there is formed nearly 450 
gallons of carbonic acid. The per centage of strong alcohol 
contained in common spirituous liquors is as follows : Irish 
whisky, 53*9; gin, 5l'G; rum, 63-6; brandy, 53-3; Lon- 
don poi-ter, 4*2 ; cider, 5 to 9 ; champagne, 12*6 per cent— 
{Pereira.) 

883. Loss of Substance in the Production of Alcohd.^^ 

^ -~ » - I - ■ I I ■ ■ I I ■■ I — ^— ^i»^^^^^^^^^— ^■^^^M^^B^^^— ^M^M^^B^M^^i^^^B^— ^ 

What grains yield most alcohol ? What becomes of half the freight of fbe 
grain? 
Of what is alcohol always a prodoot T « 
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We thus understand that alcohol is not one of the principles 
formed by nature and stored up in plants, but is always a 
product of rotting and putrefaction — the result of a process 
m its nature destructive. It is obtained from grain at the 
expense of its starchy and saccharine elements, one-half of 
which are converted directly into carbonic acid, and returned 
to the inorganic world, while the nitrogenized elements of 
the grain are destroyed as food for man. 

884. Of the Lactic Acid Fermentation. — ^When certain 
saccharine juices, such as those of beet-roots, carrots, or 
onions, are exposed to the air at moderately high tempera- 
tures (from 86** to 104°), fermentation takes place, the sugar 
disappears, but, instead of carbonic acid and alcohol, lactic 
add, tnannite, and a mucilaginous, gummy substance, are 
formed, which render the liquid viscid and ropy. It is hence 
also called the viscous fermentation. This well illustrates the 
diflference of products arising from the decomposition of the 
same organic substances at different temperatures. The 
gum produced in this species of fermentation has the same 
composition as the sugar. Mannite is a kind of sugar of a 
weak saccharine taste, and is not changed to alcohol by fer- 
mentation. It is the chief ingredient of manna, a kind of 
sugar which exudes from' the bark of a species of ash in 
Southern Europe, and is used in medicine. 

885. Lactic Acid, Ce Hg O5 + H 0, so called because it 
occurs in sour milk (552), is a colorless, syrupy, very sour 
liquid, which combines with bases forming a class of salts^ 

the lactates. It exists in sour-crout. 

^ — — — — * 

What is the. Ylacoas fermentation ? What is mannite 1 
WkallilaoUc&dd? 
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OF THE DERIVATIVES OF ALCOHOL. 

886. The Acetous Fermentation — Formation of Vinegar, ^-^ 
If the vinous fermentation is not checked, it passes into the 
acetous fermentation; the alcohol is converted into acetic 
acid, or vinegar. But this change is not direct. An inter- 
mediate substance is formed, called aldehyde (from aZ-cohol 
and c?€Ayc?rogenated — ^that is, deprived of hydrogen). Ox- 
ygen of the air unites with two atoms of hydrogen contained 
in the alcohol, forming aldehyde, C4 H4 0| -J- 2 H 0. By 
absorbing two more atoms of oxygen, which it rapidly does» 
the aldehyde is changed to acetic acid, C4 H| 0| -|- H 0. 
The formation of acetic acid is a process of oxidation, and 
can only be carried on with access of air. Hence if liquors, 
as wine or beer, are tightly corked, they may remain un- 
changed for years ; but if the air be admitted, they speedily 
become sour (acetified) by the oxidation of their alcohol. 

387. Vinegar may he made quickly, — ^A mixture of pure 
alcohol and water will not absorb oxygen from the air ; some 
vinegar or ferment must be added to begin the action, which 
then proceeds until all the alcohol disappears. As oxygen 
is the active agent in acetification, the rapidity of the pro- 
cess will obviously depend upon the abundance of its sup- 
ply. If the liquid remains at rest, and the air comes in con- 
tact with but a small portion of it, many months may be 
required to effect the change. In the quick vinegar process, 
the liquor is made to trickle over beech-shavings, which have 
been previously steeped in vinegar, and which fill a tall ves- 
sel made with holes in its sides, so as to admit a free circu- 



In the acetous fermentation, what changes take place? Why is the pi 
of air necessary ? How may liquors and wines be kept fw years ? 

Cpon what does the rapidly of acetification depend? Describe the qakk vtaM* 
garprooesa 
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lation of air. In this way a vast surface is exposed, tlie ab- 
sorption of oxygen is very rapid, and the acetification com- 
pleted by a few repetitions of the process. 

388. Properties of Acetic Acid. — ^Pnre acetic acid is a 
eolorlesSy intensely sour liquid, which blisters the skin. It 
combines with various bases, forming salts — the acetates, as 
acetate of alumina, acetate of copper (verdigris). It unites 
with various proportions of water, forming vinegar of dif- 
ferent degrees of strength. Common table vinegar contains 
from three to five per cent, of acetic acid. Taken into the 
system in considerable quantity, it is said to cause leanness 
by producing languor of the digestive process. Cases are 
recorded in which its excessive use has proved fatal. 

889. Putrefaction of Vinegar. — ^Vinegar which has been 
long exposed to the air, and particularly if it is not strong, 
is subject to a peculiar putrefaction, by which a thick slimy 
substance (vinegar mother) is produced ; also infusoria (vin- 
^ar eels) ; these may be destroyed and further change ar- 
rested for a time by boiling the vinegar. Exposed to the 
cold, water freezes sooner than acetic acid. This fact may 
be made use of to concentrate a weak vinegar. When the 
mixture is partially frozen, the acetic acid is drawn off. 

890. Adtdteration of Vinegar, — ^Vinegar is often adul- 
terated with oil of vitriol. To detect it, evaporate a portion 
of the vinegar in a porcelain vessel ; if towards the end of the 
evaporation thick, suffocating fumes are given off, and a 
black charred residuum is left, sulphuric acid is indicated ; 
pure vinegar evolves only an agreeable vinegar odor, and 
leaves a browmsh deposit, not charred. Pepper, mustard. 

What are the properties of acetic acid ? How much is contained in commoq 
finegart What ia its effect upon the system ? 

What Is the reentt of putrefioction in yinegar? How may the diange he iur« 
mMt HofW may a weak Tlnegar bo concentrated? 

Bov nay adoUeratiooB in Yinegar be detected . 
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and other acrid substances are sometimes added to weak vin- 
egar to give it strength. The presence of these substances 
may be ascertained by saturating the acid with an alkali ; the 
acrid taste of the substances will then become sensible. 

ETHER. 

391. Organic Radicals, — ^When equal weights of oil of 
vitriol and alcohol are heated in a retort, a vapor passes 
over, which may be condensed into a colorless, limpid fluid, 
known as ether, or sulphuric ether, because sulphuric acid is 
employed to obtain it. The composition is C4 H^ O ; differing 
from alcohol in the absence of the elements of one atom of 
water, which has been taken away by the sulphuric acid 
(see Chart). In a theoretical point of view, ether is looked^ 
upon as the oxide of an organic radical, ethyle, which is 
represented by the formula C^H^. Ether, according to this 
view, would be oxide of ethyle, and alcohol a hydrated oxide 
of ethyle. The ethyle is looked upon as a radical, or root, 
from which springs a series of compounds, just as potassium 
may be regarded as the radical or root of potash, hydrate of 
potash, sulphate of potash, &c. Potassium is a simple radi- 
cal, and as ethyle appears to comport itself in a similar man- 
ner, it is called a compound radical. 

392. Properties of Ether. — Ether has a hot, pungent 
taste, and a fragrant odor. It is extremely volatile, disap- 
pearing even when poured through the air from one vessel 
into another. It evaporates so rapidly that when poured 
upon the hand it produces cold ; hence it is used in cooling 
lotions in surgery. It boils at 96°, or when exposed to the 
Bun in summer, and is very combustible, burning with more 
light than alcohol, and some smoke. It is used to rcHeve 

How is sulphuric ether obtained ? What is a compoand radical ? 
Enumerate the propertiM of elher. For what Is it uaed t 
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■nd prevent spasms in asthma, in doses of half a tea-spoo jful 
mixed with water. Vapor of ether, mixed with air and re- 
gjnred, produces an intoxicating effect like laughing-gas, and 
also insensibility to pain, like chloroform. It dissolves the 
fets and oils, and is hence of great importance in Organic 
Chenustry. 

893. Chloroform, — This is made by distilling alcohol with 
ehloride of lime in a capacious retort. Its composition is 
C| H Cl|. It is a dense, limpid fluid, half as heavy again as 
water, and very volatile. Its vapor, when breathed, produces 
insensibility, so that severe surgical operations are experienced 
without pain. 

CHEMISTRY OF BREAD-MAKING. 

394. Chain and Flour, — ^The grain of which bread is 
made consbts mostly of starch, gluten, and sugar : these are 
to be so changed from their raw state as to become agree- 
able to the taste and easily digested. The grain is pulverized, 
or ground in mills, and separated by sifting, or halting y into 
diflferent qualities of flour or meal. The ligneous husk of 
grain produces the bran, while the flour is formed by the 
interior white portions. The gluten is tougher and more 
difficult to grind than the starch, hence the finest and whitest 
flour, obtained by repeated sif tings, contains a larger propor- 
ticxi of starch, the darker colored flour being richer in gluten; 
and as the nutritive properties of flour are in proportion to 
the quantity of the nitrogenized element (gluten), the latter 
Idnd will make the most nutritious bread. 



How is eblorofbnn made ? What effect does it produce when breathed ? 

What are Uie chief aabstanoes in grain ? What is the first process to which the 
indn is iol||ecled ? From what part of the grain is the bran derived ? From what 
li Qm floor lormedt What flour contains most starch ? What kinds are ricb^ift 
bifnlflaT WhldiiriK make tho most nutritioiis bread? 
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395. Adulterations of Wheaten Hour. — The flour of 
wheat, which is most generally employed for bread, b some- 
times adulterated with potato starch« It may be detected 
by adding nitric acid, which changes the flour to a fine 
orange yellow, whereas it does not affect the color of the 
starch.— ( Ure,) It is also often mixed with chalk, lime, and 
gypsum, which is shown by the increased specific gravity of 
the flour, and by the excessive quantity of ashes left upon 
burning. 

396. Rising of the Dough, — ^When flour is mixed with 
water, kneaded into a dough, and baked, if it be in a thick 
mass it will be tough and clammy ; if spread out thin it will be 
hard and homy, and in both cases it will be very indigestible. 
To avoid these properties of bread, and form a light, spongy 
dough, various methods are employed. If a paste of flour 
and water be set aside for some days, in a warm place, it 
putrefies and turns sour ; and if a portion of this be incor- 
porated into fresh dough, it excites the vinous fermentation. 
The decomposing gluten acts upon the sugar (379) of the 
flour, resolving it into alcohol and carbonic acid. The car- 
bonic acid is liberated, in the form of minute bubbles of gas, 
throughout the whole substance of the dough; and being 
caught, as it were, by the adhesive gluten, it causes the mass 
to swell and rise. These bubbles form the pores or vesicles, 
which, in the best bread, are small and uniform, but some- 
times constitute large, irregular cavities, or holes, in the heart 
of the loaf. This is liable to take place if the dough is too 
watery, or not sufficiently kneaded, or if the flour is too finely 
ground, or the heat of the oven is insufficient. 



How may the adolteratioiis of flour be detected? 

How may the yinoos fermeDtation be excited in bread? What ia the eOtat of 
the liberation of carbonic add? How do these veaicleB ^>pMr in good hvHMlf 
How in indifra«nt qualities? When will thia be likety to ocew? 
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897. Ferment used in Bread-making, — The putrefying 
dough used to excite fermentation is called leaven. Brew- 
er's yeasty formed by the fermenting action of malt, in the 
pnxsess of making beer, is the most prompt and active of all 
the alcohol ferments ; for making bread its use is regarded 
as much superior to common leayen. K the fermentation 
proceeds too far, the dough becomes sour; that is, the 
Tinous passes into the acetous fermentation, the alcohol 
changes to vinegar. When this has occurred, the evil is 
readily corrected by the addition of a little carbonate of soda, 
or magnesia, which neutralizes the acid. The acetate of 
soda» or magnesia, thus formed, gives to the bread no disa- 
greeable taste, and acts upon the system only as a mild 
aperient ; it is therefore imobjectionable. 

898. Dough raised without Ferment, — By fermentation 
the bread is raised at the expense of the sugar contained in 
the flour ; but any method, by which a gas may be set free 
throughout the doughy mass, answers the same purpose. If 
Ucarbonate of soda be mingled with the flour, and dilute 
muriatic acid afterwards added, the acid and soda combine, 
forming conmion salt, and carbonic acid is rapidly disen- 
gaged, forming a very light sponge. It must be knedded 
immediately. Carbonate of ammonia (smelling-salts) is also 
used for the same purpose, particularly for maknig sponge- 
cake and light biscuit : the salt is volatilized by the heat of 
baking. Water, impregnated with carbonic acid, is some- 
times used to raise bread. 

899. Effect of Baking upon Bread, — ^In the process of 
baking, the elements of the dough are changed by heat. 



What Is Uie best leaven for bread-makiiig? If the linons fermentation paaeea 
into fha aeetoiis, how may the otU be remedied ? 

b thera aoj method of maUng bread lii^t, except at tho expense of the flonrt 
WhatbttT 
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The alcohol formed by fermentation is expelled as vapor. 
Attempts have been made in very large bakeries to con- 
dense and save it, and a vreak spirit was obtained, but it 
seems not to have paid for the trouble of collecting it. The 
eflfect of heat upon the gluten and the starch is to destroy 
their distinctive characters ; they form a chemical compound, 
and cannot be separated, as before, by a stream of water. 
In consequence of this change, and also because of its light- 
ness, bread is readily soluble in the juices of the stomach, 
or, in other words, is easy of digestion. We have seen that 
starch (363) by the action of heat is transformed into solu- 
ble dextrine, or gum ; a part of the starch also undergoes this 
change in the oven, especially on the surface of the baked 
bread, which receives the strongest heat from the roof of 
the oven. If the crust of the hot bread is rubbed over with 
water, and restored for a few minutes to the oven, some of 
the dextrine dissolves, forming that smooth, shining surface 
which we see on loaves of bread and rolls. The water 
added to the flour forms about one-third the weight of the 
bread. A small portion has evaporated by the heat of 
baking, but most of it becomes fixed, that is, enters into 
chemical union with the substance of the bread. 

400. Nutritive Value of Bread from Wheat, — ^The expe- 
rience of all civilized people agrees with the results of 
Chemistry in indicating wheat as the first of the bread-pro- 
ducing grains. The following comparison of its composition 
with that of milk arid blood will show its high nutritive 
powers. It will be remembered that milk constitutes the 
Bole food from which all the parts of the young animal are 



What is the efltet of baking upon bread ? How does the heat aflbct the g^ntea 
■nd starch ? How is the nhining surfoce seen on the emit of broad and roOi fbrnf 
ed T How much water is contained in the bread ? 

How is wheat chiMed among breaci-prodcicing graiosf 
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formed ; while blood, which supplies the whole body with 
its elements of nutrition, must necessarily represent the 
whole body in its chemical constitution. 



Ilowr, 


Bhod, 


KiOc. 


Hbrine, 


Fibrine, 




Albumen, 
Caseine, 


Albumen, 
Caseine, 


Albumen. 
Caseine. 


Glaten, 

Oil and starch, 


Coloring matter, 
Fats and oils. 


Butter. 


Bngar, 


Sugar, 


Milk-sugar. 


Chloride of potassdom, ' 
Chloride of sodium, 


* 




Phosphate of soda, 
** " lime, 


Ditto. 


Ditto. 


" " magnesia, 
«* " iron. 


« 





The analogy in this case does not extend to the relative 
quantities of each element. 

401. Dyspepsia, or Graham Bread, is formed from wheat- 
en flour which retains its bran. With weak stomachs, it 
agrees better than the finer kinds, and is probably healthful 
for all. Rye forms a nutritive bread, although inferior in 
this respect to wheat. It is more retentive of water than 
wheat, and hence remains longer moist. Its effect upon the 
bowels is laxative. Rice has the opposite tendency. It is 
said that a mixture of 75 per cent, of rye with 25 of rice 
forms a good bread, free from the defects of both. Indian 
com makes an excellent species of bread. It contains a 
much larger proportion of oil than the other grains. The 
proportion of the oily element varies from 8 to 10 per 
cent., the . yellow variety containing more than the white. 
Corn-meal deteriorates in the air more quickly than wheat 
or other flour; this is caused by the rapid oxidation of 



¥nm what is Graham bread madlfi f ^"^at is Baid of it? What is said of ly* 
hnadT What are th«propenies of bread made of Indian com f 
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the oil (423), and does not take place when the grain is un* 
ground. The oily matter which resides in a certaim portion oi 
the seed-grain, by baking, is diffused throughout the starchy 
and glutinous matter of the meal, communicating that pecu- 
liar taste and aroma which distinguishes corn-bread. 

402. Alum is extensively used by bakers to improve the 
appearance of bread. It augments its firmness and hard- 
ness, rendering it less liable to crumble when cut, and ena- 
bling the baker to separate the loaves more readily after 
their removal from the oven. It also increases its whiteness, 
so that inferior kinds of flour can be made into bread of the 
best aspect. Several other saline substances are also some- 
times introduced into baker's bread for dishonest purposes. 
Their presence is easily detected. 2000 grains of pure bread 
will not yield more than from 15 to 25 grains of ashes ; if 
more than this is found, they have been added fraudulently* 



OLEAGINOUS PRODUCTS OF PLANTS. 

FATS AKD OILS. 

403. Identity of the Oils and Fats, — ^The oils and fats 
possess the same chemical qualities, the only difference be- 
ing in their consistency, which depends upon the tempera- 
ture. An oil may be called a liquid fat, or a fat, a sdhd oil. 
The same body, as tallow or lard, by a slight alteration of 
temperatiure, changes from a solid to a liquid, without alter- 
ing its essential properties. What the Africans call palm- 
oil, and know only as a liquid, we call palm-butter, because 
in this country it is a solid. Oily substances are found in 

For what purpose is alum ased in bread? JETtfio^iay impwnHn in bread H if 
teetedf 

What ifltfiediflbrenoe between an oil and* fitt? In whsl parti of plaiito do«i 
in occur? What are the hard oils called? 
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eoDsiderable quantities in plants. They occur in many seeds, 
as that of flax ; also in nuts, as the walnut and almond, from 
which they are obtained by pressure. They are of yarious 
degrees of consistence, from thin almond or spermaceti oil, to 
solid tallow. The hard oils of vegetables are frequently 
termed vegetable butters, as nutmeg-butter, palm-butter. 
The animal fats, in strictness, require to be considered among 
animal products in the third division of the work ; but in 
jHX>perties and composition they are identical with the vege- 
table oils, and therefore cannot be conveniently separated 
from them. 

404. Volatile and Fixed Oils. — The oils are of two kinds, 
fiz^ and volatile. The fixed oils are highly inflammable, do 
not unite with or dissolve in water, are slippery and unctu- 
ous, and do not evaporate in the air ; if placed upon paper, 
they communicate to it a permanent stain. They are usually 
bland and mild to the taste, and are decomposed by the 
action of heat. The volatile oils are also inflammable and 
. nearly insoluble in water, but they are hot and pimgent to 
the taste, and evaporate in the air. A drop left upon paper 
passes away, leaving no stain. They occasion the peculiar 
odor emitted by many plants. 

406. Amount of Oily Product from different Sources, — 
The oily substances of vegetation are principally accumula- 
ted in the fruit, and particularly in the seed. In herbace- 
ous plants they are less abundant, although existing in con- 
uderable proportion in the straw and stalks of grain. The 
proportion of oil in various substances, by the most recent 
determinations, is as follows : In Indian com, 9 per cent., 
oats 3*3, fine wheat flour 1*4, bran from the same 4*65, rice 

How an the oil! dirided? Giye the properties of the fixed oiUu What Is tko 
tfMracter of the volatile oils ? 
Bom Is the oil from plants obtained T 
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1, dry bay 3 to 4, straw of wheat 3% oot-straw 5'1, ofiv» 
seeds 54, linseed 22, white mustard 36, black mustard 18^ 
almonds 46, cocoanut 47, walnuts 50, jolk of eggs 28*75, 
cow's milk 3*13 per cent. They are obtained by mechanical 
pressure, as linseed oil, by the agency of heat, as in the 
animal fats, by distillation, and by solution in ether. 

406. Proximate Principles of the Oils, — Chemists have 
shown that fats and oils have a true saline composition ; that 
is, they consist of acids in combination with a base. The^ 
proximate principle of the oils, which plays the part of a 
base, neutralizing acids, is called glycerine, so named from 
its sweetish taste. When pure it is a thick, syrupy, inodor- 
ous liquid, soluble in all proportions in water and alcohol, 
and has the composition Ce Hg Oq. It is expelled from its 
combination by the ordinary alkalies. Glycerine is united 
in the oils with three acid substances : Stearic acid (C31 
Hn O4), margaric acid (Ct4 Ht4 O4), and oleic acid {C^ Hsi 
O4).— (/SeV/tTwan.) With stearic acid it forms stearate of 
glycerine, or stearine : with margaric acid it forms margarate 
of glycerine, or margarine; and with oleic acid it forms oleate 
of glycerine, or oleine, Stearine, margarine, and oleine are 
therefore distinct oily or proximate principles. They are 
each a combination of a fatty acid with a base. They have 
different properties, and may be readily separated from the 
oily bodies in which they are combined together. 

407. Oleine is that portion of oil which causes its fluidity. 
The thinner and more liquid an oil or fat, the more oleine 
does it contain. Olive oil, and vegetable oils generally^ 
contain a large portion of oleine. The hard fats contain less 



Wnal navo chemists shown to be the oompoeition of the oils ? What Is gly<» 
rine ? With what is it united ? What does it form? What are these three sub* 
Itaoces? 

What is oleine? In what iabstancea Is it fimnd abundantly T 
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of it in proportion to their hardness, hence it exists in 
greater quantity in the fat of the swine than in the harder 
tallow of the sheep or ox. It is expressed on a great scale 
firom lard, for burning in lamps, and for other uses. 

408. Stearine and Margarine, — Stearine gives to certain 
fats and oils the opposite property of sohdity. It is most 
abundant in tallow and suet. It is obtained by subjecting 
the solid fats to great pressure, in flannel or hair bags, be- 
tween hot iron plates ; the oleine is separated, and flows 
away. The solid stearine thus procured is used for the 
manufacture of stearine candles, which very much resemble 
those of wax. Oils which are liquid at common temperatures 
contain a small proportion of stearine in solution, as may be 
shown by exposing them to the action of snow or ice, when 
the stearine is deposited and the oleine floats above : hence 
in winter olive and castor oils deposit solid stearine, and be- 
come thick. A pound of tallow contains about three-fourths 
of a pound of stearine, of olive oil not more than one-fourth. 
Margarine resembles stearine in its property of hardness ; it 
exists in human fat, butter, goose-fat, and olive oil. 

409. Variation in the Proportion of these Elements,—^ 
The solid and fluid parts are mixed together in different pro- 
portions in the oily substances of different plants and ani- 
mals, and in different parts of the same animal. They are 
also modified by feeding, and other circumstances. Thus 
the taUow from animals fed upon dry, ripe fodder, is more 
solid than when they are fed upon grains. The superior 
hardness of Russian tallow is due to this circumstance, their 
animals being fed upon dry fodder eight months in the year. 

Viliat property does stearine give to substances ? Where is it most abundant ? 
Bow is it obtained ? For what is it used ? Why do olive and castor oils b«coiiM 
thick in winter? What is said of margarine ? Where is it found ? 

What effect does the food of animals have upon their oily parts ? How maj ftti 
nd oUa be bleached ? Upon what does the odor of oils depend ? 
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Fats and oils are generally either colorless or s%btl7 yellow, 
but may be bleached by the protracted action of light. The 
stearic, margaric, and oleic acids which they contain are 
without smell, but some of them have peculiar odors de- 
pendent upon the presence of certain volatile acids ; thus, 
butter contains butyric acid, goats' fat Mrcic acid, whale oal 
phocenic acid, &c. 

410. Why Oily Bodies are Inflammable, — ^By reference 
to the Chart, or the formula we have just given (406) for 
their proximate principles, it will be seen that the oil group 
consists almost entirely of carbon and hydrogen, with but a 
very small proportion of oxygen. They are thus composed 
of two elements, which have a most powerful affinity for 
oxygen ; we should, therefore, conclude that they must be 
exceedingly combustible, and such is the fact. Every one 
is aware of the violence with which they bum when set on 
fire ; and being rich in hydrogen, they produce a large flame. 
So strong is this attraction for oxygen, that when, cotton, 
tow, straw, and cloth, which present an extended surface to 
the action of the atmosphere, are imbued with oil, they often 
take fire spontaneously (spontaneous combustion), and thus 
frequently occasion conflagrations. In consequence of their 
combustibility, and the large quantity of light which they 
emit in burning, oleaginous bo<lies are universally 'used as a 
source of illumination. Some of them are converted into 
gas (oil gas), several of them are consumed in lamps in the 
liquid state, while the solid fats are formed into candles. 

411. Way in which a Candle Bums. — In burning gas no 
wicks are used, and yet their use in lamps and candles seems 
to be to bring their materials into a gaseous form. In a bum- 



How does the compoeitlon of tbe oils account for their exceeding comboUbililif f 
for whRt are the oOa oniTersaUiy employed ? In what fonns ? 
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faig candle, the fat belaw is melted by the heat 
into the form of a hollow cup, b d, Fig. 20, vhich 
may be considered a reservoir of oil. The vick, 
oonsiating of parallel cotton fibres, acts as a syS' 
tem of capillary Teasels, drawing or sucking up 
the liquid as fast as it is consumed above. The 
liquid oil is thus carried into the hollow interior 
of the flame (^^), where it is exposed to a high 
temperature without being able to come in con- 
tact with air ; it is in the same po^don as if it 
were inclosed m an iron retort between red-hot 
cools. It is here immediately converted into 
gaseous and Tuporous combustible products, which form the 
inner dark portion of the flame. The office of the wick b to 
mainttun a steady supply of oil to be distilled or vaporized 
ia the flame ; but as the candle bums down the wick of 
course extends upward in the centre of the flame, where it 
remuna charred and unconsomed, the access of mr being 
prevented by the surrounding cone of fire. As the charred 
wick increases in size. It impedes the activity of combustion, 
and consequently causes a deposit of unbumt carbon, in the 
form of a spongy, sooty snuff at the top, which darkens the 

412. Flailed Wiekt. — In some of the finer candles, as 
wax, sperm, and stearine, this evil has been avoided by 
pkdUi^ or tvisting the wicks. By this means the free ends 
of the fibres constantly bend out of the flame, as at e. Fig. 
20, and are reduced to ashes. The symmetry of the flame 
is injured by this arrwigement, as it follows the dbection of 
the iacUning wick fibres. The rim of the cup is also apt to 
be melted down on one side, so that the liquid fat gutters 
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over the edge. This evil is so serious as to prevent the use 
of plaited wicks in common tallow candles, which suffer more 
than the harder and more infusihle kinds. The power of the 
common wick to influence the quantity of light emitted by ft 
candle flame, is thus shown by the experiments of PecleU 
The intensity of the light from a freshly snuffed candle (six 
to the pound) being represented by 100, it becomes in 4 
minutes 92, in 8 minutes 50, in 10 minutes 41, in 12 min- 
utes 38, in 15 minutes 34, in 20 minutes 32, in 22 minutes 
25, in 24 minutes 20, in 28 minutes 19, in SO minutes l7, 
and in 40 minutes 14. Less than half an hour, therefore, is 
sufficient to reduce the light of an unsnuffed candle to one- 
seventh its original brilliancy. 

413. Different Candles Compared. — It has been found 
that the quantity of material consumed per hour in burning, 
by different candles, is as fo!'ows : they were six to the 
pound, and occasionally snuffed, so e& to maintain as nearly 
as possible an equable flame. Stearine consumed per hour 
164 grains, spermaceti 143, wax 134, tallow (moulds) 128, 
The relative proportions of light produced were, for the 
spermaceti 10, the stearine 7'4, the wax 6*6, and the tallow 
4*7. The consumption of sperm oil by a well-trimmed ar- 
gand lamp of the ordinary dimensions (wick one inch in di- 
ameter) was about 800 grains per hour ; it gave a lighl 
equal to 10 or 11 spermaceti candles of six to the poimd. 

414. Oil as a Preservative, — Oily bodies are lighter than 
water, and will not mix with it ; they therefore float upon its 
surface, and are sometimes employed to protect substances 
from the action of the air. Thus fresh lemon-juice, if exposed 

caudles ? In what time is the light from a freshly snuffed candle dimlnjflhad one- 
half? 

Does a stearine or tallow candle consume most rapidly T 

How does oil protect substances from the action of air T What ii iti eHM npon 
our bbocs ? Upon iron T Upon wood? 
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to the air, speedily moulds, but if covered with oil it does not. 
Preserved fruits also keep much longer when melted butter 
is poured over them. Having no aflBnity for water, sub- 
stances which are imbued with it are impenetrable to that 
liquid; hence by greasing our shoes they are protected 
from absorbing moisture. Oiled iron does not rust in damp 
air, while wood or fabrics which are charged with oil are 
preserved from decay by the exclusion of water, which is an 
active agent of decomposition. 

DRYING OILS. 

416. Oily bodies, if protected from the air, undergc little 
change ; if exposed to it, they absorb its oxygen, gradually 
thicken, and some finally become quite hard and solid. 
These are termed drying oils, and are used in paints and 
for the manufacture of varnishes. 

416. Linseed Oil, — This is the most important of the 
drying oils, and is obtained by expression from the seeds of 
common flax, which yield from 20 to 25 per cent, of their 
weight. When the seeds are submitted to pressure at com- 
mon temperatures (cold drawing, or cold pressure), the oil 
is of a pale-yellow color and of the greatest purity, but if at 
a steam heat a larger quantity may be obtained ; it is then 
of an amber color, and more liable to become rancid (423). 
It is slowly bleached by sunlight, and when long kept in a 
half-filled bottle it thickens, and does not dry well. It has 
a specific gravity of 0*93. The drying properties of linseed 
oil, which adapt it to the painter's use, are greatly increased 
by boiling for several hours with the addition of a little 
Etharge (protoxide of lead) — two to four ounces of litharge 
■ > 

What are diyingoito? For what are they used? 

Hoir li Dnaaed oil obtained? What is its appearanoe? Dow are ita diying 
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to every gallon of oil ; a little acetate of lead and 8ulpbat« 
of zinc are also sometimes introduced with benefit. The 
product is known as boiled oil, purified oil, and drying oil. 
It acquires by boiling a brownish-red color, and hence when 
white-lead is to be made into a paint with linseed oil it is 
prepared in the unboiled state, in consequence of its paler 
color. The change wrought in the oil by boiling, consists 
in depriving it of certain gummy, mucilaginous matters which 
are dissolved in it, and greatly retard the drying. The 
compounds of lead combine with this mucilage, forming an 
insoluble body, which is precipitated as a white sediment. 
If, after boiling for a time, the oil is set fire to and permitted 
to bum for half an hour, and the -flame then extmguished 
by placing a cover upon the vessel (burning oil or fat should 
ncTsr be quenched with water), it acquires a viscid, tenacious 
consistency, and forms printers* ink by the addition of a due 
quantity of lamp-black. 

417. Oil'sUk consists of silk cloth to which several coat- 
ings of purified linseed oil have been successively applied. 
Oil-cloth is cotton cloth which has been treated in a similar 
manner. Mixed or groimd with various coloring matters, 
chiefly metallic oxides, linseed oil forms numerous pamts, 
which are smeared upon wood to preserve it and give it 
color. 

418. Walnut Oil is obtained by pressure from waLiuts ; it 
is of a pale yellowish-green color, and of a peculiar odor. 
When fresh it is sometimes used for culinary purposes, but 
when rancid it is purgative. It is more drying than linseed 
oil, and possesses less color, which renders it a valuable in« 

properties increased ? VHiat is it then called T Why is it not boiled whm whito* 
lead is to be used with it T What is the eflfect of boiling? How ii printen' ink 
made? 
WhatisoU-flUk? Whatisoitdoth? Whaiimidorwalinitoilf 
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gredient of many paints. It is sometimes used for bunung 
in lamps, and as a baab for varnish. 

419. Hemp-seed OH is of a greenish-yellow color, has a 
disagreeable smell, and a mawkish taste. It is extensively 
used for making paints, varnishes, and soft soaps. 

420. Poppy Oil, expressed from the seed of the poppy, is 
of a pale-yellow color, inodorous, and of a slightly agreeable 
flavor, much resembling olive oil, which is sometimes adid- 
terated witii it. It makes a clear varnish, and is used at the 
table as a substitute for olive oil. It has none of the nar- 
cotic properties of the poppy-juice. 

421. CroUm Oil is expressed from the seeds of a plant 
which grows in India. It is a thick, brown oil, of a peculiar 
odor, and acrid taste. It is powerfully purgative. 

• 422. Castor Oil is obtained from the seeds, or beans, of 
the castor-oil plant. It is of a pale straw color, and has a 
Uand, but somewhat nauseous flavor. Its principal use is in 
medicine, as a mild laxative. It is also used for printing-ink, 
and in perfumery as an application to the hair. 

THE UNCTUOUS OILa 

423. HiS Unctuous Oils are such as do not dry up when 
exposed to the air, but continue soft and sticky. This prop- 
erty renders them very valuable for diminishing the friction 
of nibbing surfaces, as the axles of carriages and other ma- 
chines, a purpose to which the drying oils are not adapted. 
For the same reason, the unctuous oils are worked into 
leather to msdntain it in a soft and pliable condition. The 
tmctuous oOs and fats are liable, by long exposure to the air, 
(d turn rancid; that is, they absorb oxygen and generate 

Whatiinidoriiemp^eedoilT Of poppy oil? Oferotoooilf Of castor ollf 
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peculiar acids, which emit a disagreeable odor. This change 
appears to result principally from minute quantities of nitro- 
genized organic tissues, which remain diffused through the 
fats. Tlie rancidity of oleaginous bodies may be in a great 
measure removed by boiling them with water and a little 
magnesia, imtil it has lost the property of reddening htmus. 

424. How Unctuous Oils are Purified, — As the drying 
oils are purified by oxide of lead, so the same change is pro- 
duced in unctuous oils by sulphuric acid. We have seen 
(189) that this acid possesses the property of charring or- 
ganic substances, but it does not act with equal energy upon 
all. When added to oil, it first attacks its nitrogenized and 
mucilaginous impurities : these are decomposed and precipi- 
tated. When just sufficient acid is used to effect this object, 
the mucilage alone is charred ; if too much, the oil itself is 
decomposed. 

426. Olive Oil, or Sweet Oil, — ^This oil is obtained by 
pressure from the fleshy or pulpy part of the fruit of the 
olive-tree. The finest kind is of a yellowish color, has a thin 
consistence, a slight odor, an agreeable taste, and when swal- 
lowed leaves a very slight sense of acrimony in the throat. 
When pure it has less tendency to change than almost any 
other of the fat oils, but the inferior qualities soon become 
rancid. It contains 72 per cent, of oleine and 28 of marga- 
rine, the latter of which congeals in cold weather. Being 
less apt than most other oils to thicken by exposure to air, it 
is preferred for greasing delicate machinery, especially watch 
and clock work. It is used at table as a condiment for 
salads, and is hence termed salad oil. In Spain it is used as 



What are the unctuoiis oils? For what are they used? What is nmdd oQT 
What causes the change ? How may it be removed ? 
What is the effect of sulphuric acid upon the unctuous oils? 
How Is oUtc oil obtained? What tare its properties? For what is it aedf 
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a substitute for butter. Taken in large quantities, it acts as 
ft mild laxative. 

426. Palm Oil m a solid butter-like oil, of an orange^ 
yellow color, obtained by pressure from the fruit of the palm- 
tree. It is readily blanched by heat, or the joint action of 
ur» light, and moisture, and also by chlorine. It contains 70 
per c^it. of oleine and 30 of stearine, and is used in the man- 
ufiacture of soap and candles. Oil of almonds is expressed 
from sweet almonds ; also from bitter almonds by cold pres- 
sure, as if heat is employed the oil contains prussic acid. 
It is mainly used in hniments, ointments, and soap. Unctu- 
ous oils are also obtained from rape-seed, beech-nuts, hazel* 
mut9, and the stones of fruits. 

ANIMAL FATS. 

427. These are contained in the bodies of animals, in 
what is termed cellular tissue or adipose membrane. They 
are obtained by a heat sufl&cient to liquefy the fat, and burst 
the including cell, or sack. The more solid portion of the 
£e^ (stearine) forms a layer next to the inner surface of the 
oell-membrane, the softer part (oleine) being inclosed with- 
in. Fat forms about one-twentieth the weight of a healthy 
atdmal. 

428. Mutton Tallow, — This is a very white and solid fat. 
It has httle odor when fresh, but acquires a peculiai*, rancid 
smell, when exposed for some time to air. 

429. Beef Tallow is of a yellowish-white color, finn, and 
yields 75 per cent, of stearine to 25 of oleine. 

430. Neat^s-foot Oil is obtained from the feet of oxen, by 



Wbat is palm oil? What is said of the oil of almonds? 

In what part of animals is the fat deposited ? How is it obtained f 

Whit is Mid of mottoo tallow? Beefttillow? 
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first divestbg them of the hoof and hair, and then boiling 
them with water. This oil remains liquid below 32^, and la 
not liable to change or rancidity. It is used for dling 
leather and greasing machinery ; particularly steeple-clocka^ 
which require, in consequence of the cold to which they are 
often exposed, an oil not liable to solidify. 

431. Hog^i Lard is a white, inodorous, soft fat, which, 
when long exposed to the air, grows yellow, rancid, and 
sour.. It yields 88 per cent, of stearine, which has been 
used for ikud manufacture of candles, and 62 per cent, of 
oleine, which is considerably used for burning in lamps. 
Chose-fat consists of 68 oleine and 32 stearine. 

432. Change of the Human Body tnio Adipoeere. — Hu- 
man fat is soft, yellowish, without odor, varying little m 
different parts of the system. The bodies of persons that 
have been for years buried in church-yards are sometimes 
found to have been changed into a pecuhar substance, resem- 
bling fat, and termed adipoeere. The same kind of fatly 
matter is formed in the vats which collect the offal from 
dissecting-rooms and slaughter-houses ; it is also found when 
the bodies of animals are exposed to running water till the 
muscular and membranous parts have been washed away. 
It has been shown that this substance is the original fat of 
the body, which has resisted decomposition, and is partly in 
the state of a fatty acid, and partly saturated by ammonia, 
with traces of lime and magnesia. — (Brande.) 

433. Train Oil ( Whale OtT).— Oil is obtwned from the 
fat of yarious fishes, as the whale^ the dolphin, the seaL It 
is of a yellow color, and not of a disagreeable odor, unlesei 
the fish were putrid, or the oil was expressed by a strong 

WhatteBaidofneaTHiDotoU? Hog's lard! Goose fat f 
What is adipoeere? When is it formed ? 
What is laid of whale our 
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ImA, Whale oil is used for illuminatioii, to grease leather, 
in medicine, and in soap-making. 

434. ,SpemuiceH Oil is extracted from cavities in the head 
of the sperm whale, and is superior to common whale oil for 
buming in lamps. When cooled, after the death of the 
animal, it deposits a white, sparkling, crystalline, fatty sub- 
stance, so h^ that, when rubbed, it crumbles to powder. 
When purified, it is used for candles. 

WAX. 

435. Some plants produce a considerible quantity of a 
substance resembling beeswax, and which, in some of its 
properties, approaches the fatty bodies. The glossy coating, 
or varnish, which is observed upon the surface of leaves, 
frmt, and bark, rendering them unpermeable to water, con- 
sists of vegetable wax. It occurs in large quantities in the 
common cabbage. 

436. Beeswax, a secretion of the honey-bee, is the most 
important of these bodies. In its ordinary state it is yellow, 
but is bleached white by exposing it for some time in thin 
ribands, to the joint action of air, light, and moisture. Com- 
mercial beeswax is very commonly adulterated with the flour 
of peas and beans, with starch, and even brick-dust. These 
may be readily detected by spirits of turpentine, which takes 
up the wax, but leaves the impurities undissolved. Resin, 
too, is often used: it may be separated by cold alcohol, 
which dissolves it. Wax is much used for candles, but is 
not adapted to be either dipped or moulded. The wax can- 
dles are made either by applying wax, softened in hot water, 

Bpermaoetion? For what Ib it used? 
Is wax a Tegetable product ? Upon what perts is it found T 
H<m naf impurltieB in beeswax be detected? How are wax csndlea mwlef 
Whal art the nsM of beeswax? 
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little by little, to the wick, by the hand, or by pouring 
melted wax upon the suspended wick with a ladle. When 
the candles have thus grown sufficiently large, they are 
rolled upon a table to give them the exact form. Beeswax 
b used for smoothing sewing-thread, and when dissolved in 
potash-ley it forms a peculiar soap, used for polishing floors. 

437. Point at which Oils Solidify, — ^The temperatures at 
which various oily substances pass from the liquid to the 
solid state are thus compared : Beef tallow about 100° F. ; 
mutton tallow 100° to 106°, stearine from tallow 131°, 
palm oil 85°, stearine from palm 120°, hog's lard 81°, stea- 
rine from hog's lard 110°, spermaceti 112°, beeswax 150°, 
almond oil 30° ; olive oil deposits 28 per cent, of stearine at 
22°, margarine of butter 118°, oleine of butter 32°. 

438. Oily Bodies as Food, — As the oily bodies are found 
diflfused in considerable quantities in those vegetable sub- 
stances which form the natural diet of man, there can 
be no doubt of their healthfulness as food. Yet it is 
equally certain that when separated and consumed as they 
Dften are in large quantities, they prove highly injurious. 
" Fixed oil or fat," says Dr. Pereira, " is more difficult of di- 
gestion, and more obnoxious to the stomach, than any other 
alimentary principle. Indeed, in some more or less obvious 
or concealed form, I believe it will be found the offending 
ingredient in nine-tenths of the dishes which disturb weak 
stomachs. Many dyspeptics who have most religiously 
avoided the use of oil or fat in its obvious or ordinary state 
(as fat meat, marrow, butter, and oil), unwittingly employ 
it in some more concealed form." Much of the bad effects 
of oily substances upon the stomach is probably caused by 



Give tlio ton&peratures at which oily bodies soIidiQr. 

What is said of oily bodies as food T Why is fiying the moat otDecdoiiabto 
mode of preparing oil for food T Will fktty bodies taken as food loatain IM f 
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ihe way in which they are frequently cooked. The fats, by 
heating, give ofif, with other voaltile oils and fatty acids, a 
peculiar acrid substance called acroleine. In the process 
of firying, which is carried on at a high temperature, they are 
liable to this decomposition, and when taken into the stom- 
ach turn sour and rancid, producing heartburn. For this 
reason, frying is the most objectionable of all the methods 
by which oily substances are prepared for the table. Fatty 
bodies are ranked among the heat-producing foods (5*74) 
or elements of respiration, for which they are remarkably 
adapted. They cannot support nutrition nor sustain life. 
Animals which have been fed entirely upon butter and lard, 
refuse to take it after some time, and ultimately die of 
inanition. 

ACTION OF ALKALIES UPON THE FIXED OILS. 

439. Saponification, or Production of Soap. — It was sta- 
ted that the proximate principle of the oils and fats, stearine, 
maigarine, and oleine, are sahne bodies ; that is, they consist 
of fatty acids combined with a common base, glycerim. 
When other bases, as potash, soda, or ammonia, are made 
to act upon the fatty substances, they expel the glycerine 
from its combination, and take its place, uniting with the 
fatty acids, and forming soaps. Soaps are therefore regular 
salts, combinations of margaric, stearic, and oleic acids, with 
potash, soda, ammonia or lime. The change by which they 
re produced is called saponification. The capability of 
bdng saponified is one of the most important properties of 
the oil family, and they are hence divided into two classes, 
the saponifiable and the non-saponifiable oils. The fi>xed oils 
belong to the former class. 

Bo«r are n^M fbimedf What are they? WhatiaaaponiilcaliocT nowarelka 
•OidMdadf 
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440. Process of Soap-making, — ^The alkaHes in genera] 
use for soap-making are potash and soda. They require to 
be in a caustic state, which is produced by dissolving thern^ 
and passing the solution (ley) through newly slaked lime, 
which takes away their carbonic acid. In this caustic ley 
the fats are boiled, their glycerine is set free, and the fatty 
acids combining with the alkali form soap, which exists as 
a solution in the water. In order to obtain the soap in a 
solid form, the solution is boiled down to a certain degree oi 
concentration, when the soap ceases to be soluble, and lises 
to the surface in a soft, half-melted state. This being drawn 
off into moidds, cools and forms hard soap. If soda ley is 
used, the soap may be separated from the wkter in which it 
is dissolved by adding common salt which forms a brine, 
and at once coagulates the soap ; if potash ley is used, the 
addition of salt decomposes the potash soap, and forms a 
soap of soda. 

441. Sard and Soft Soaps, — ^The consistence of soaps 
depends chiefly upon its alkalies, soda giving rise to hard 
soap, and potash to soft soap, the latter alkali being the 
more deliquescent. The consistence of the oil also somewhat 
influences the qiiality of hardness. The stearate of soda, 
therefore, forms the most solid soap, and the oleate of pot- 
ash the softest. Between these two extremes, any required 
degree of firmness can be obtained by selecting the proper 
materials, and stopping the evaporation at any desirable 
point. 

442. Composition of different Kinds of Soap, — Common 
yellow hard soap consists of soda with oil or fat and resin. 



Describe the process of soap-making. 
Upon what does the consistence of soap depend? 

Of wkat is common hard soap composed? VHiite or cuid lOBpf CMito 
foap ? Windsor soap ? Fine toilet soap ? 
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The latter element will not form a good soap with alkali 
alone, but requires to be worked with at least an equal 
weight of oiL The acid powers of resin are very feeble ; 
it neutralizes the soda less completely than oil, and the soap 
is therefore very alkaline, acting too powerfully upon woollen 
fiftbrics and all other animal fibres to which it is applied. 
Common white soap or curd soap consists of tallow and soda. 
(hsUle soap is composed of olive oil and soda colored with 
metallic oxides, chiefly oxides of iron, in such a way as to give 
'tthe desired mottled appearance. Green and black soap, 
employed in factories for cleansing colored cotton fabrics. 
Is made of fish oil and potash. Windsor soap consists of 
tallow, a small proportion of olive oil and soda. Cocoanut 
oil gives to soap the property of forming a strong lather. 
Fine 9oft toilet soap is made with purified hog's lard and 
potash, colored and perfumed. Fancy soaps are essentially 
common soaps, mixed with different aromatic oils and color- 
ing substances, and diversified in form so as to suit the 
foahion of the day. 

443. Value of Soaps, — Soap has a powerful affinity for 
water, and may retain from 50 to 60 per cent, of it and still 
remain in the solid state. Even when dry and hard it holds 
ixofooL 25 to 30 per cent, of water. There is hence an advan- 
tage to the consumer in purchasing dry and old soap, while 
the vender is interested in selling it with as large an amoimt 
of combined water as possible. To effect this, it is often 
kept in damp cellars and an atmosphere saturated with 
moisture to prevent it from drying. The quantity of mois- 
ture is easily determined by cutting the soap into thin slices, 
weighing and drying at a temperature not exceeding 212^ ; 
the loss of weight shows the proportion of water. The 



«iid why is soap often ntarated with moiatazB? How is a good soap 
known? 
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value of soap thus mainly depends upon its dryness, but 
it should also possess the proper degree of solubility. Some 
dissolve too freely in washing, and hence waste very rapidly 
when used, while others possess'the opposite quality ; as, for 
example, " the small cubic mass of white, waxy, stubborn 
substance generally met with on the washing-stands of bed- 
rooms in hotels, and which for an indefinite period passes 
on from traveller to traveller, each in turn unsuccessfully 
attempting by various manoeuvres and divers cunning immer- 
sions in water to coax it into a lather." A good soap should 
dissolve quite freely, feel very soft and pleasant upon the 
skin, and afford a thick, copious lather. 

444. Properties of Soap. — Soap is soluble in fresh water, 
but remains insoluble in salt water, except that made from ' 
cocoanut oil, which dissolves in weak brine, and is therefore 
used for washing with sea- water. Acids, as acetic and 
sulphuric, decompose soap, uniting with its bases and set- 
ting free the fatty acids. Soaps of soda and potash are 
decomposed by the salts of hme, a lime-soap being formed 
which is insoluble in water ; hence waters which contain 
sulphate or carbonate of lime wash badly (96). Hard wa- 
ter, when an alkaUne soap is added, decomposes it, form- 
ing a rough, sticky, disagreeable, earthy soap, having no 
detergent properties, and being therefore unfit for washing. 
Soaps of metallic oxides, as oxide of lead, are employed 
medicinally for plasters. Soap is soluble in alcohol, form- 
ing tincture of soap, which is an excellent liniment for 
bruises. Soap dissolved in spirits of camphor forms opodel* 
doc. Volatile hniment is an ammoniacal soap. 

445. Mode in which Soaps a^ct in cleansing, — ^As water 



GiTo the properties of soap. How is soap affected by hard water? How is H 
implQjttd medicinally ? What is opodeldoc ? Volatile liniment T 
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has no affinity for oily substances, and will not dissolve them, 
of course it cannot ahne remove them from any surfaces to 
which they may adhere. The skin is perpetually bedewed 
with oily matters which exude from the glands, and, uniting 
with dust and dirt, form a film or coating all over the body. 
Soap being always alkali{ie, acts upon the oil during ablu- 
tion, partially saponifies it, and renders the unctuous com- 
pound freely miscible with water, so as to be easily.removed. 
The cuticle or outer layer of the skin is composed of albu- 
men, which is soluble in the alkalies (373). A portion of 
the excess of alkali which exists in soap must soften and dis- 
solve a part of the cuticle, which, when rubbed oflf, carries 
with it the dirt. Thus every washing with soap lemoves 
the old face of the scarf-skin, and leaves a new one. If the 
hands are too long exposed to the action of a very alkaline 
soap, they become tender, that is, the cuticle is dissolved 
away, and becomes so thin as not to protect the inner or 
Bensitive skin. On the contrary, where the scarf-skm and 
dirt are rarely disturbed by soap, the sensibility of the skin 
is necessarily benumbed. The action of soap in cleansing 
textile fabrics is of a similar nature ; the alkali not only acts 
upon greasy matter, but, as is well known, dissolves all or- 
ganic substances. Being partly neutralized, its solvent 
power is less active than if it were in a free condition. The 
oily nature of the soap also increases the pliancy of the articles 
with which it is washed. It is said that woollen fabrics, if 
washed with a weak solution of carbonate of soda, will not 
shrink as when washed with soap. 

What is tho action of soap in cleansing dotlies? What is its effect upon tho 
ridD? If the skin is long exposed to tho action of soap, what is the result ? If 
imp ti Mktom applied, what follows ? What is said of washing woollen fbbrica t 
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OF THE VOLATILE PRINCIPLES OF PLANTS. 

VOLATILE OILa 

446. Their Sources and JPreparaticn, — ^The yolatile oi 
ethereal oils take their name from the property of readily 
evaporating in the air. They dissolve in alcohol, and their 
solutions are called essences. From this circumstance they are 
also known as essential oils. They are met with in aU parts 
of plants — ^in the leaves, bark, and root, but principally in the 
flower. Sometimes different parts of the same plant contain 
different oils, as, for instance, the orange-tree, which fur- 
mshes one from its leaves, another from its flower, and 
a third from the rind of its fruit. Essential oils are not so 
volatile as water ; nevertheless, they rise with the vapor of 
water ; and it is by this means that they are generally ex- 
tracted. The plant is put into a still, or alembic, containing 
water, and heat is applied. The vapor rises, passes over, 
and condenses in the receiver, carrying with it the oil which 
is found swimming upon the surface of the distilled water.' 
When flowers or leaves are used, they are suspended in a 
cage in the centre of the still, in order to be acted on by the 
vapor only, because if they come in contact with the sides 
of the vessel the heat would injure them. 

447. Properties and Uses of the Ethereal Oils, — ^The vol- 
atile principles of plants are generally limpid and lighter 
than water, yet some are heavier, and others, as camphor, 
solid. They have not the greasy feel of the fat oils, but 

What are yolatUe oils ? Why are they called essential oils ? Wh«ice are they 
obtained ? How are they separated fh>m the plant ? * 

Give the properties of the essential oils. VHiat is stearopten ? Elaopten T How 
are medicated waters formed? Perfumed waters ? Perfumed Tincgar? Pomaf 
tumf 
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are rather rough to the fingers^ causing a cork moistened by 
them to squeak when twisted into a vial. They are in- 
flammable at lower temperatures than the fixed oils, and 
bum with a smoky flame. The more soUd portion of the 
essential oils is called stearopten, the Uquid part elaopten. 
Exposed to the air, they imbibe oxygen, and are either con- 
veilied into acids or dry up, and are changed to resins (453). 
A small portion of these oils is dissolved by water, sufficient 
to communicate to it their peculiar taste and smell. These 
solutions are sold by apothecaries under the name of med- 
icated waters. Various oils, as bergamot, lavender, rose- 
mary, &c., dissolved in alcohol, form perfumed waters, as 
Cologne water (eau de Cologne), They dissolve in strong 
acetic acid, formiag perfumed vinegar, and when mixed with 
hrd and other fixed oils form pomatum, hair-oil, &c, 

448. Composition of the Volatile Oils, — As respects com- 
position, the volatile oils are of two kinds. The first class 
ec^nsists of but two elements, carbon and hydrogen ; and a 
laige number of them, as oil of turpentine, oil of lemons, oil 
of juniper, oil of black pepper, oil of citron, oil of parsley, 
are isomeric, aJ having the composition C^ H4, or 2 (C^ H4). 
These are, therefore, vegetable hydro-carbons. The second 
class contains, in addition to carbon and hydrogen, a small 
proportion of oxygen, and sometimes sulphur and nitrogen. 
These are distinguished by their pungent, acrid properties, 
irritating tne eyes, provoldng tears, and, when placed upon 
the skin, blistering it. The oils of mustard, onions, garlic, 
horse-radish, hops, and asafoetida, are the most common ex- 
amples of this class. 

Hoir are the TolatUe oils divided? Ofwhat does the lint daae consist? Whal 
m liMBj called ? What is the compoeitioa and properties of the second daas t 
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ESSENTIAL OILS WHICH CONTAIN ONIT HYDROGEN 

AND CARBON. 

449. Oil of Turpentine, commonly called spirits of tur- 
pentine, is obtained by distilling with water the thick semi- 
fluid turpentine, which flows from the wounded bark of cer- 
tain species of the pine, and is the cheapest, most abundant, 
and most useful of all the volatile oils. It is a limpid, color- 
less liquid of a pecuUar odor. It boils at 314°, and has a 
sp, gr. of 0*87. It bums with .i very luminous flame, and 
is extensively used as a source of light ; but in its common 
or crude state, it deposits a resinous substance, and soon 
clogs the lamp. To prevent this, it is redistilled, or rec- 
tified, and then goes under the name of camphene. The 
lamp must be so constructed as to furnish a copious supply 
of air, or the turpentine will smoke. Mixing with it a por- 
tion of alcohol also corrects this evil. A pint of good oil 
of turpentine bums in an argand lamp about ten hours, giv- 
ing a light equal to about twelve spermaceti candles. It is 
largelj* employed in the manufacture of vamish to dissolve 
the resins, also in the preparation of paints, to remove grease- 
spots from cloth, dissolve India-rubber, and in medicine. 

450. Oil of Lemons is obtained from the rind of the lemon, 
both by expression and by distillation. It is very fluid, 
colorless, of an agreeable lemon odor, a pleasant, pungent 
flavor, and is often used by cooks as a substitute for lemon- 
peel. Oil of lemons is sold under the name of scouring- 
drops, and used to remove grease stains from silk, as the 
fixed oils all dissolve in the ethereal oils. Oil of blctck pep- 

How is spirits of turpent ine obtained ? Wliat are its properties ? What is cam- 
phene ? With what should the lamps be ftirniahed ? For what other ptupcaeB 
ia spirits of turpentine employed ? 

What is said of the oil of lemons ? Oil of black pepper \ 
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per is limpid and colorless, but by keeping, it becomes yel- 
low. In odor it resembles pepper, but is devoid of its hot 
taste. 

45 1 . Oil of Juniper is obtained by distilling bruised juni« 
per-berries with water. It is limpid, of a faint yellow color, 
and used for flavoring gin. Oil of orange-peel closely re- 
sembles the oil of lemons. Oil of hergamot is a thin yel- 
low liquid from the rind of the bergamot orange. Oil of 
roses, attar or otto of roses (C4 H4), condensed, is olefiant gas, 
obtained by distilhng rose-flowers, or, in the East Indies, by 
stratifying them with a certain kind of seed which imbibes 
the oil, and then yields it by expression. The roses cf this 
climate do not furnish sufficient oil to be worth procuring, 
and even in the East (Asia) the produce is very small, one 
hundred pounds of the roses yielding about three drams 
oi oil. It is of a pale-yellow tint, and of a strong odor, re- 
sembling the fresh flower. 

ESSENTIAL OILS CONTAINING THREE OR MORE ELE- 
MENTS. 

462. Oil of Peppermint, obtained from the peppermint 
plant by distillation, is of a pale-yellow color, which deepens 
by age. It has a strong odor of the herb, and a hot, aro- 
matic flavor, succeeded by a sense of coldness upon the 
tongue. Oil of lavender is at first colorless, but acquires 
an ambor tint. It is highly pungent, and is much employed 
88 an article of perfumery. Common camphor, Cjo Hg 0.— 
Ibis concrete or solid essential oil is extracted from the 
roots and wood of the camphor-tree, which are chopped up 
and boiled with water in an iron vessel, with an earthen 
head containing straw, upon which the camphor condenses 

Whatlseaidoroilorjaniper? Oil of orange-peel ? Oil of roves Y OUUpepi 
IMmiiit? Oilofla^^ender? Camphor? 
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afier sublimaaon. Camphor is a white, half-transparent 
crystalline substance, haying a warm, pungent, and some- 
what bitter taste. It evaporates in the air at ordinary tem- 
peratures, and sublimes in close yessels, attaching itself to 
the surface most exposed to light. It is soluble in alcohd, 
and is used in medicine both internally and externally. 

THE RESINOUS PRODUCTS OF PLANTS. 

453. Source and Properties of the Besins, — ^Resinous sub- 
stances are very common in vegetables, and are found as piox- 
imate constituents of most plants ; they are obtained from 
two sources. The balsams which exude from the bark of 
certedn trees consist of resins dissolved in essential oils ; when 
the oil has been dissipated by evaporation, the resin remains 
in the solid state. The volatile oils also, by sufficient expo- 
sure to the air, absorb oxygen, thicken, and are themselves 
converted into res^n. The resins are, therefore, o^ddized es- 
sential oils. This explains why volatile oils thicken and 
lose their odor and properties when kept and exposed to 
the air, and why old spirits of turpentine is not good for re- 
moving grease-spots from clothing, as it leaves a resinous 
stam. They are non-volatile solids, fusible, and highly in- 
flammable. When pure, they are inodorous, and usually of 
a pale yellow or brown color ; but as commonly met with, 
they are odorous from traces of essential oil, and variously 
colored by foreign substances. They are insoluble, or but 
partially soluble in water, but dissolve in alcohol, ether, and 
the essential oils, and form varnish. They are feebly add, 
combining with alkalies, and forming resinous soaps, whi&h 
are capable of producing lather, and possess a low detergent 
power (442). ^ 

How are resins obtained ? What are th^T Giro their prepe rttefc 
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454. C6U>j^ny {Cwnnum JResin), C^ Hs, O4. — ^This is 
the residue left after distilling turpentine from pine-kees to 
obtain its oiL 250 lbs. of turpentine yield about 30 lbs. of 
oil of turpentine and 220 of resin. Resin is a brittle, taste- 
less, almost inodorous substance, of a smooth, shining frac- 
torey easily reduced to powder when cold, softening at 160^, 
and melting at 275^ F. It produces a contrary effect to 
<h1 as regards friction, rendering a surface which is covered 
with it rough, imeven, and adhesive. It is hence apphed to 
the bow of the violin, and the cords of clock-weights, and 
belts of machinery, to increase their adhesion and prevent 
them from slipping. If resin is set on fire in the open air, 
and after a sufficient time the flame is extinguished, a softy 
black, pitchy substance remdns, known as shoemaker^s wax. 

455. Xoc — This is a resinous substance flowing from 
several plants, in the East Indies, through punctures made in 
their Immches by insects. The twig becomes incrusted with 
a reddish substance, which consists of the juice of the plant, 
hardened and imbued with coloring matter, derived from the 
insect. These twigs, broken off, constitute the stick-lac of 
ccnnmerce; when removed from the twigs it is seed-lac; 
when melted, strained, and poured upon a smooth surface, 
80 as to spread ou^ into thin plates, it forms shellac. The 
coloring matter of lac is used as a scarlet dyestuff, in two 
fonns, under the names of lac-lake and lac-dye. The best 
shellac is of an orange color, the inferior kinds of a dark 
lMX>wn. Being hard and tough, it is used to make sealing^ 
UKix, For this purpose, turpentine is added to increase its 
inflanamability, and various coloring matters to give it the 



What to eGmmon rosin ? What are its properties f Why is it used on yiolin- 
bows and the belts of machinery ? How Is shoemaker's wax obtained ? 

Bow to toe obtained? What is sUck-toc? Seed-lac? Sheltoo? Lao4ake7 
LM'idivt How to S6alias>wax made ? 
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proper tint ; vermilion to produce red, white-lead for white) 
and ivory-black for black sealing-wax. 

456. Amber is a transparent fossil resin, of a Ught yellow, 
milk-white, and sometimes of a brown color. It is the hard- 
est of all the resins, scratches gypsum, receives a fine polish, 
and is worked into ornaments in lathes, and by whetstones. 
It is chiefly procured from the southern coast of the Baltic 
Sea, where it is thrown out upon the shore. It also occurs 
in beds whose position is below several of the more recent 
geological formations. Amber is inferred to have originally 
existed as a soft balsam, as it is found to contain the remains 
of numerous varieties of insects beautifully preserved, and 
the leaves and stalks of vegetables. It is used in perfumery 
to make varnish, and as a medicine. When rubbed, ambar 
exhibits highly electrical properties ; this was known to the 
ancients, who ascribed to it a soul, and held it as sacred. 
The men who work it are often seized with nervous tremors 
in the hands and arms, in consequence of its electrical effects. 

457. Copal is slightly yellow, and very hard. It dissolves 
in ether, and partially in pure alcohol, but it is insoluble in 
common alcohol. It is extensively used in vamish-making. 
Mastic is a yellowish resin, and occurs in rounded tears. San- 
darach much resembles mastic : it is the product of an ever- 
green which grows in Africa. Benzoin (frankincense) is ex- 
tracted by incision from a tree. Its color is a mixture <^ 
white, yellow, and red, with brown spots, or veins. The 
best quality, when broken, has the appearance of white mar- 
ble. It is used in cosmetics. DragovCs blood is a resin of a 
brownish-red color. Giuiiacum has a brownish-green, or olive 
color. 



What is amber f Whence is it obtained ? What are its properties ? 
For what is oopal used? What is mastic ? Sandarach? Frankincense? Dragon^ 
•lood? 
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468. Bitumen (AsphcUtum), Mineral Pitch. — This is a 
solid, brittle, glassy, bituminous, inflammable substance, found 
in great quantity upon the shores of the Dead Sea, which was 
hence called the Asphaltic Lake. It is also obtained from 
the West Indies. In the island of Trinidad there is a lake 
of asphaltum called Tar Lake. It lies on the highest land 
in the island, and emits a strong smell, sensible at ten miles 
distance. Its first appearance is that of a lake of water, but 
when viewed more nearly it resembles glass. In hot weather 
its surface liquefies to the depth of an inch, and it cannot 
then be walked upon. It is circular, about three miles in 
circumference, and of a depth not ascertained. Petrolium is 
a solution of asphaltum in a peculiar hydro-carbon liquid, 
called naphtha. In many localities, particularly in Asia, pe- 
trolium is foimd abimdantly in wells a few feet deep, into 
which it flows. It is used by the natives as a source of light 
and fuel. It is probable that these substances have been 
produced by the action of subterranean fire upon beds of coal. 

469. Varnish is a solution of resinous matter, which is 
spread over the surface of any body, in order to give it a 
shinmg, hard, transparent coat, capable of resisting, m a 
greater or less degree, the influence of air and moisture. 
The varnish-coat consists of the resinous part of the solution 
after the liquid solvent has either evaporated away or dried 
up. A good varnish should retain its brilliancy and lustre 
when exposed to light and air, and should adhere firmly to 
the surface, and neither crack nor scale off: it should also 
dry quickly. When the resinous substances are dissolved in 
alcohol, a spirit-varnish is formed ; when linseed or nut 6il 
is employed, oil-varnish is produced. The former are gen- 

What la bitamen f Where is it foimd ? What is said of Tar Uke ? What ig 
pdroJinm T How are these substances supposed to have been produced ? 
What to yamiah T For what ia it used? WhatarethepropertieBofagoodTai* 
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erally the most brilliant, but also most brittle. French pol* 
mA is an alcoholic solution of shellac with a small quantity 
of oiL It is laid on by a ball of cotton, and then rapdly 
rubbed in the direction of the fibres of the wood. The fin^ 
articles of furniture are usually polished, the more ordinary 
ones varnished. Oil of turpentine is a leading solyesot'oi 
ramish. Japan, or black varnish, contains asphaltum, and 
clastic vaniish India-rubber. 

460. Gum-resins. — Many plants, particularly in hot cli- 
mates, produce compounds which contain both the resinous 
and gunmiy principles. Their gummy portion is soluble in 
water, and the resinous portion in alcohol. Opiiun, asafoetida, 
aloes, gamboge, myrrh, and frankincense are vegetable prod- 
ucts of this nature. 

461. Caoutchouc {India-rubber, Gum Elastic). — This well- 
known substance is obtained by making incisbns through the 
bark of certain trees, of the fig or banian species, which grow 
in South America and the East Indies : a milky juice flows out. 
which, upon evaporation, yields about 32 per cent, of caout- 
chouc. The poppy, the lettuce, and other plants, haying vis- 
cid, milky sap, seem also to contain it. Caoutchouc, when 
pure, is white and transparent ; its dark color being due to 
the blackening effect of the smoke in drying. It Is highly 
elastic, and the freshly cut surfaces adhere strongly, if 
pressed together.. It is insoluble in water, alcohol, and 
acids ; but dissolves in ether, naphtha, spirits of turpentine, 
and other essential oils. The solutions in ether and naph- 
tha leave the caoutchouc in an elastic state. It is a am- 
pk hydro-carbon, containing no oxygen, and burning with a 



oiah? How is a spirit yarnish made ? What is oil Tarnish? What is nrenek 
polish? How is it applied? 

Mention some of the gum-resins. 

How is India-nibber obtained? What aro its piopertisa? Whal ai« iii wet? 
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Imiiiiioiis, sooty flame. Its uses are very various. Dissolved, 
and applied to fabrics, t forms water-proof cloth : it is also 
used for shoes ; and when cut into thin shreds, and boiled 
with linseed oil (4 oz. caoutchouc to 2 lbs. of oil), it forms a 
mixture used for making boots water-tight. It forms gas* 
h&gSf flexible tubes, and connectors for the laboratory. India- 
rubber is vtUcaimed by iqipr^nating it intimately with sul- 
phur, whereby its elasticity is increased at low temperatures, 
and other useful properties added to it. 

462. Outta Percha is obtained from the milky juice of 
certain East Indian trees, in the same way as caoutchouc. 
When pure it is of a dirty- white color, of a greasy feel, and 
has a peculiar leathery smell. At ordinary temperatures it 
IS non-elastic, tough, and as hard as wood ; but when im- 
mersed in hot water it softens, so as to admit of being 
moulded into any shape, and again hardens when cooled. It 
melte at 250^, is highly inflammable, and bums in a mamier 
similar to sealing-wax. It dissolves in boiling spirits of tur- 
pentine, but not in alcohol or the fixed oils. It is applied to 
many uses in the arts. 

THE AOID PRODUCTS OF PLANTS. 

463. 2^ Organic or Vegetable Acids, — ^These substances 
are numerous in the vegetable kingdom, occurring largely in 
fridts, and sometimes in the leaves and roots. They exist in 
a free state, and combined with bases, forming acid salts 
both soluble and insoluble. They are composed of carbon, 
hydrogen, and oxygen, with the exception of oxalic acid, 
which contains only carbon and oxygen. In general, the 
oxygen is greatly in excess ; in acetic acid only is it in the 



What are tbe ]>n>periiea of gatta pendiaT 
WhaliiMidorTegetableaddiT Ofwhaiaratti^oompofledf 
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proportion with hydrogen to form water. The hydrogen 
and oxygen, shown upon the Chart at the left of the organic 
acids, represent the basic water with which the acid is com- 
bined, and which cannot be separated from it without de- 
stroying also the organic acid. 

464. Tartaric Acid, Cg H4 0,o + 2 H 0— (^rancfe).— 
This acid is found abundantly in grapes and tamarinds. It 
exists also in rhubarb, the potato, and in the roots of wheat, 
madder, and the dandelion. When new wine is decanted 
from the lees, and set aside in vats or casks, it gradually de- 
posits a hard crust or tartar on the sides of the vessel. This 
is a compound, of tartaric acid with potash, familiarly known 
as cream of tartar. From this tartaric acid is produced, by 
the action of chalk and sulphuric acid. It is used in cahco- 
printing and in medicine. It has an agreeable acid taste, 
dissolves readily in water, and causes a violent effervescence 
when mixed with a solution of carbonate of potash or of 
soda. It is extensively used in artificial soda-powders and 
effervescing draughts. 

465. Citric Add {Add of Lem<ms), Cu H5 0„ + 3 H 0. 
— ^This acid gives their sourness to the lemon, the orange, 
the cranberry. It also exists, mixed with much malic acid, 
in the currant, cherry, gooseberry, raspberry, strawberry, 
and whortleberry. It is obtained chiefly from the juice of 
the lemon, and is used, hke tartaric acid, for effervescmg 
draughts. Malic Acid, Cg H4 Og -J- 2 H — {Brande), — 
This is the principal acid of unripe apples (hence its name, 
from mains, apple). It also exists in the free state in pears, 
peaches, quinces, plums, apricots, cherries, gooseberries, 
raspberries, strawberries, grapes, blackberries, currants, elder- 

Where is tartaric add found ? What ia cream of tartar? What are the nsea ol 
tartaric acid? 

What ia said of citric add? Whence does malic add dariye its name? Wher6 
Is it found? 
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benies, and several other fruits. It has a very sour taste, 
but is not used in a separate state. 

466. Tannic Acid (Tannin), C,8 H, 0, + 3 H 0--(24e- 
hiff). — ^This substance is found in the leaves and bark of cer- 
tain trees, and imparts to them a puckering taste. It is 
nearly colorless, soluble in water, and has a powerfully 
astringent taste. Nut-galls contain of tannic acid 27*4 per 
cent. ; oak bark, 6*3 ; chestnut bark, 4*3 ; elm bark, 2*7 ; 
sumach, 16'2 ; green tea, 8*5 ; Souchong tea, 10. The astrin- 
gent quality of tea is due to the tannin it contains. Tannic 
acid combines with the peroxide of iron, forming a blue- 
black precipitate (pertannate of iron), which is used for 
coloring gray and black, and also for making vrriting-ink. 
Gum is added to the ink to retain the coloring matter in 
suspension, and to prevent excessive fluidity. 

467. Tannic acid also possesses the peculiar property of 
combining with gelatine, and forming a compound insoluble 
in water. Upon this property depends its extensive appli- 
cation in the manufacture of leather, by uniting with the 
gelatine of which the skins of animals are chiefly composed 
(53d). The skins are packed in vats with laj'^ers of ground 
bark, and the whole is immersed in water. The tannin dis- 
solved out of the bark gradually unites with the skin. The 
process is quickened if conducted under pressure (quick tan- 
ning), by which the solution is made to penetrate the tissue 
more rapidly. 

468. Gallic Add, Cy H 0, + 2 H 0— (Zie%).— This 
acid is foimd associated with tannin in bark, and is formed 
from tannic acid, by exposing a solution of it to the air for 

What are the properties of tannic acid? Where is it found? How is writing* 
ink made firom it ? 

What eflbct does it produce upon the skins of animals? How are the skini 
tanned? 

What ii said oTgaDia acid ? 
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Bome time. Like tannic acid, it yields a precipitate witli 
protosalts of iron, but a deep blue-black with a persalt. 
It does not precipitate gelatine. 

469. Pectic Add {Pectine, vegetable jelly), C,2 Hg Oi^ — • 
(Mulder), — ^Pectic acid exists in the juice of most pulpy 
fruits, and is extracted, for dietetical purposes, chiefly firom 
currants, apples, qumces, strawberries, and raspberries. 
Pectic acid and pectine have the same composition. They 
have an insipid taste when pure, and are somewhat allied in 
properties to the gums. Fruit jellies prepared with sugar 
form agreeable cooling articles of food in febrile and inflam- 
matory complaints. It is but slightly nutritive. 

470. Oxalic Acid, C, O, + H O. — ^This acid imparts the 
Bour taste to common sorrel and the rhubarb plant, in which 
it exists combined with potash and lime. It is obtained in 
crystals, which are intensely sour and poisonous, chalk or 
magnesia bemg the antidote. It may be made artificially by 
the action of nitric acid upon sugar or starch, which yield 
about half their weight of the oxaHc acid. Oxalic acid is 
the test for lime, and forms with it an insoluble salt^ 
oxalate of lime. It removes ink and iron stains from linen. 

BASIC PRODUCTS OF PLANTS. 

471. Vegetable Alkalies, — ^Most plants give rise to pecu- 
liar substances, usually in very small quantity, which exhibit 
alkaline properties ; they are much less abundant than the 
vegetable acids, and are generally sparingly soluble in water, 
of a bitter taste, and always contain nitrogen. They form 
the active medicinal agents of the plants in which they occur, 
and are generally very poisonous. These bodies are of in* 

What ig Bald of pectic acid ? Oxallcadd? For what is it used? 
WhatiinidoftheyegotablealkalifisT For what are thej uedt 
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feerest only to physicians and chemists, and therefore cannot 
be described in this place. 

COLORINa MATTERS PRODUCED BY PLAITTS. 

472. Different Kinds of Coloring Matter, — ^As a class, 
vegetable coloring matters do not possess many chemical 
characters in common, and are associated together on account 
of their common application in the arts. Most of them are 
acids, but some are neutral : some are ternary and others 
quaternary. The most vivid and brilliant of vegetable colors, 
those of flowers, are fugitive, small in quantity, and very 
difficult to separate. The coloring matters in the interior of 
plants, where they are not exposed to light, are less brilliant 
but more durable. The most common color of the vegetable 
kingdom is green, but the substance which gives rise to this 
color (chlorophyl) is of an oily nature, and cannot be easily 
applied to cloth. Nearly all the coloring matters of plants 
which are capable of being separated are blue, yellow, and 
red. No genuine black coloring substance has ever been 
obtained from plants. Acids and alkalies act so remarkably 
upon vegetable coloring matters, that the latter are em- 
ployed as tests for these substances (45, 47). 

BLUE COLORING MATTERS. 

473. Indigo, — This well-known dye-stuff is obtained from 
the juice of several plants which grow in hot climates. The 
juice Is colorless, but when exposed to the air it absorbs oxy- 
gen and deposits a blue sediment, which is thrown into mar- 
ket, in the form of a powder, often cohering in cakes, as 

How do the yegetable ooloring mattera differ in character ? What is said of fho 
moat hrilliant colors? What color is moat abundant in yeg^ablet? Why oao 11 
not be nj p ar a ted y What coloring matten can be eepanted from planliT 
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commercial indigo. It is tasteless, without odor, insoluble 
in water, and nearly so in all other liquids except sulphuric 
acid. When placed in situations which deprive it of oxygen in- 
digo loses its blue tint, becomes colorless, and soluble in water. 
On exposure to the air, the deoxidized indigo absorbs oxygen 
again, and acquires its deep blue color and insolubility. Fab- 
rics may, therefore, be steeped in a solution of colorless or 
tohite indigo, as it is called, and by subsequent exposure to 
the air the color is developed. Indigo affords a bright tmt, 
and adheres to textile fibres with great permanence. 

474. Litmus, — This coloring substance is extracted from 
certain species of moss which grow upon rocks. They yield 
at first a purple or red coloring matter, which is changed to 
blue by the action of the alkalies. The cubes of litmus used 
for making test-paper are thus prepared. 

RED COLORING MATTERS. 

475. Madder, — ^The roots of the madder-plant, ground to 
powder, furnish this valuable dye-stuff. The powder is at 
first yellow, but reddens by exposure to air and absorption 
of oxygen. Besides red, madder furnishes a purple, a yel- 
low, an orange, and a brown. 

476. Brazil-wood and sandal-wood, the former yielding a 
coloring substance soluble in water and the latter a resinous 
body insoluble in water, are used for dyeing red. Carmine 
is of animal origin, being derived from the cochineal, a dried 
insect of Mexico. It affords an intense red. Lac-dye is also 
of animal origin. 

Whence is indigo obtained ? What are its properties ? To what is its blot 
oolor owing ? What is said of its permanence ? 
How is litmus obtained ? For what is it used ? 
What colors are obtained flrom madder ? 
What is Brazil-wood? Sandal-wood? OanBine? 
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TELLOW COLORING MATTERS. 

477. These are obtained from the bark of the black oak 
(durecitron), from the wood of the West Indian mulbeny 
(fuhtic), and from the green berries of the buckthorn. Anai- 
to, extracted from the pulp of certain seeds grown in South 
America, is much used to color butter and cheese. It is 
also employed to give an orange color to milk. Turmeric 
is derived from the roots of an East Indian plant, and saf- 
fron from the flowers of an herb growing in the temperate 
climates. 

GREEN COLORING MATTERS. 

478. Chhrophyl {Leaf-green). — ^This is the substanc* to 
which the vegetable world owes its uniform green color. Il 
is of a waxy nature, soluble in alcohol and acids, but insol- 
uble in water, as is shown by the fact that rain falling ovei 
leaves is not turned green. Berzelius asserts that chloro- 
phyl exists only in very small quantity in plants, the leaves 
of a large tree not containing perhaps more than 100 grains. 
This substance appears to be a direct, and perhaps the first 
product, of the action of light upon vegetation, as it never 
appears except in those parts exposed to the luminous agent, 
thus plants removed from a dark cellar into the sunlight 
turn rapidly of a green color, and every one may have re- 
marked in spring, when the foliage begins to start, how 
quickly, after a few days of cloudy weather, the color of the 
leaves is changed to a deep green by the rays of the sun. 
A writer mentions a forest upon which the sun had not shone 
for twenty days. " The leaves during this period were ex- 

From what are yellow coloring roattefs obtained ? What are the uses of anattof 
tflHience is turmeric obtained ? SafQ*on ? 
What il chlorophyl? How is it shown to be insolable? Is it «TW taaua^ In 

21 
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panded to tbeir full size, but were almost white. One fore- 
noon the sun began to shine in full brightness ; the color of 
the forest absolutely changed so fast that we could perceive 
its progress. By the middle of the afternoon the whole of 
this extensive forest, many miles in length, presented its 
usual summer dress." The vegetable green is changed to 
yellow in autumn, probably by oxidation. It has been re- 
marked that all trees and shrubs the leaves of which redden 
in autumn bear red fmit or berries ; the nature of this red 
coloring matter is not known. Sap-green is an extract pre- 
pared from the juice of the buckthorn berries. 

479. Principles involved in Dyeing, — ^The art of the dyei 
consists in impregnating textile fabrics with the various col- 
oring matters in such a manner that they will remsdn perma- 
nent or fast, and not change by wear or washing. Some 
coloring substances, as indigo, for example, unite directly 
with the fibres, forming fixed colors. Others, those chiefly 
that are soluble in water, if applied to the goods do not of 
themselves adhere, but are discharged by washing. These 
require some intermediate substance which has an affinity 
both for the coloring matter and the fibre, and will link them 
together in one insoluble compound; such a substance is 
called a mordant (from mordeo, I bite), because it is said to 
bite the color into the cloth. The principal mordants are 
salts of tin, iron, and alumina (218). In calico-printing the 
mordants are first fixed upon the cloth, cither imiformly or 
in spots, and the color subsequently applied by means of 
blocks or revolving cyhnders. The cylinder machines com- 
municate colors very rapidly, the cloth passing through them 
at the rate of a hundred feet per minute, or a mile in the 

the dark ? What striking occurrence is m^iUoned illustrating this point ? What 
is sap-green ? 

In what does the art of the dyer consist? In what re^>ect do colQrBdUlbrI 
What is a mordant? How are mordants used? 
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hoar. The textile fibres consist of hollow tubes (Figs. 21, 
S2), which the mordnnts are supposed to enter, filling them 
like bags, and remaning there to recave the coloring matter, 

Fig. SI. Fig. 32 




WooUea Flbrei. 



EXTRACTIVE MATTER. 

480. This term has been applied to numerous substances 
which have been extracted by chemists, chiefly from vege- 
tables, by the acUon of various solvents, and which have not 
yet been accurately exnfnined. The number of known plants 
exceeds a hundred thousand, and each possesses peculiar 
principles in small quantity, to which its flavor and medicinal 
properties are due. Of this vast number, but few compara- 
tively have been studied by the chemists, and whatever they 
meet with of this kind that is unknown is designated as ex- 
tractive matter. 

CULTIVATION OF PLANTS. 

481. Its Selatiom to the Air.—Wbiia a vegetable sub- 
stance ia burned, the mass of it disappears, taking the form 
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of gases and escaping into the air, and a small residue re« 
mains, termed ashes. Now when plants grow, they draw 
back again from the atmosphere all those gases which escape 
mto it by combustion, and obtain from the soil only those 
mineral solids which form its ashes. Thus the great bulk of 
vegetable matter is derived from the air, and as the atmos- 
phere is imiform in composition, that portion of the nutrition 
of plants which depends upon this source may go forward in 
all places with nearly equal facility. The air contains an 
exhaustless store of elements for the use of vegetation, and 
so far as it is concerned, all plants may be grown with equal 
success in all places. 

482. Relations to Heat and Light, — But it is not so with 
the agencies of heat and light which radiate from the sun. 
In consequence of the globular figure of the earth, these fall 
imequally upon its different parts. At the equator, where 
the rays are perpendicular, the heat and light are most in- 
tense, while as we pass towards the poles, the rays strike the 
surface more obliquely, and the effect is diminished in inten- 
sity. Now to these variations plants are adapted. Equato- 
rial vegetation, requiring large quantities of heat and hght, 
cannot flourish in temperate climates, for although the atmos- 
phere and soil may contain all the chemical elements neces 
sary to its composition and nourishment, one of the condi 
tions essential to its growth is wanting. 

483. Relations to the Composition of Soils, — In addition 
to the part played by the atmosphere and climate, which 
may be regarded as independent of human control, there is 
a third condition of the growth of plants which relates to the 

How does the burniog of a vegotable substance divide its elements? What 
becomes of the part that escapes" into the ahr ? Are these matters abmidant Li 
.he air? 

Are the agencies of heat and light equally distributed over the earth ? Why ea» 
lot equatorial plants be grown in temperate ragioDS? 
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tBomposition of soils. If there is a want of elements derived 
from this source, growth is impossible; but if they are abun- 
dantly supplied, nutrition is rapid, and growth luxuriant. 
To ascertain and regulate the adaptations of soils to plants, 
to find out what elements are necessary for their develop- 
meat, and the most econonucal method cf supplying them, 
is the great problem of Agriculture. 

484. JSffect of Organic Manures, — It has been stated 
(180) that the source of the organic elements of vegetation — 
carbon, hydrogen, oxygen, and nitrogen — is the air. This is 
proved by the sTow and gradual acciunulation of organic 
substances in the soil of forests and of meadows, where it 
could not have been added artificially. But in growing cul- 
tivated plants, we do not depend entirely upon this source. 
A plant supphed with all the necessary inorganic substances, 
and allowed sufficient time, will extract the necessary gases 
from the air and attain a vigorous development. But if it is 
desired to hasten the maturity of a plant, as is frequently 
necessary in certain climates, or to stimulate it to excessive 
development, then organized substances, vegetable or animal, 
are added to the soil, which by decay and putrefaction gen- 
erate large quantities of carbonic acid and ammonia in the 
immediate neighborhood of the roots, by which they are 
taken up, dissolved in water. 

485. Inorganic Elements of Soils. — The inorganic elements 
of plants (ashes), though small in quantity, are nevertheless 
of the highest importance. Unlike the organic elements, 
which are the same in all plants, these vary in different vari- 
eties of vegetation. Consequently, as one kind of plant takes 



-What condition besides the climate and atmosphere is necessary for the growth 
tf i^ants ? What is the great problem of Agriculture ? 
If we wish to stimnhUe the growth of plants, what plan is to be adopted? 
Why do flormeni change the kind of crop ap(m a soil instead of growhig 
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one mineral from the soil, and others take other kmds, the 
farmer finds it advantageous to cultivate in succession dif- 
ferent varieties of plants upon the same ground (rotation ai 
crops). If a soil yields good crops of one vegetable and not 
of another, it must be wanting in the characteristic mineral 
elements of the latter, which should then be supplied. And 
if any particular plant, cultivated or wild, flourishes in any 
given spot, an examination of its ashes indicates at once the 
capabilities of the soil, by showing what soluble salts it fur- 
'nishes. 

486. Substitution of Elements. — ^Although the ashes of 
cert£dn plants are distinguished by the prevalence of certain 
bases, as those of potatoes and turnips by potash, and those 
of peas and beans by lime, yet to a certain extent one base 
may be substituted for another, as soda for potash, or mag- 
nesia for hme. This can only be done, however, by forcing 
nature, as it were, out of her regular course. 

487. The best Manure for a Plant, — Decaying vegetable 
and animal substances applied to crops, act not only by sup- 
plying carbonic acid and ammonia, but also by furnishing 
such inorganic salts as the decomposing substance may hap- 
pen to contsdn ; hence, for any particular crop, as hay, grain, 
or potatoes, there is no manure so good as the same kind of 
vegetable in a state of decay, or its ashes, or the m^ure of 
animals fed upon it ; but in the latter case, it is of the first 
importance to make use of the whole manure of the animal, 
as its liquid excretions, the part most liable to be lost, are by 
far the richest in soluble salts. 

488. The Golden Bule of Agriculture. — ^The great rule 



kind constantly ? If a plant flooriah upon a toil, what infoimation do we gain by 
examining its ashes ? 

^ What is said of the substitution of one elcanent for another ? 
What ia the best manure for a plant ? 
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to be followed in this branch of agriculture, is to restore to 
the soil, in the shape of manure, exactly what it has lost in 
the crop ; as by this means alone the fertility of the soil 
can be maintained, and the vocation of the farmer be sus- 
t£uned upon a remunerative basis. By failing to heed this 
nilet millions of acres of the finest land in this country have 
been already so exhausted as not to be worth cultivating, 
and millions more are now undergoing the same ruinous 
process. No one who contemplates for a moment the de- 
plorable waste of manure (especially human excreta, the 
richest of all) which is so prevalent both in our cities and 
large towns, and also among the generality of farmers, 
can be at a loss to account for this gradual decline in the 
fruitfulness of land. Manure is the raw material wliich is to 
be worked up into sustenance for human beings ; but in our 
seaboard cities it is thrown into the ocean, and in other cities 
it is cast into rivers and borne seaward, as if it possessed no 
value whatever. Every' consideration, therefore, as well of 
public beneficence as of private thrift, demands that all fer- 
tilizers, every kind of manure, both liquid and solid, shall be 
saved with the most rigid economy. It is the farmer's mo- 
tive power : with it he can do every thing, without it, nothing. 

What ki'the golden rule of agriculture ? What is the result of neglecting ILia 
rnlet What) then) should demand the first consideration of the fanner ? 
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ANIMAL CHEMISTRY. 

GENERAL NATUBE OP THE ANIMAL FUKCTIONB. 

489. Animal Chemistry instructs us in the compositiDn 
and chemical properties of the several parts of the animal 
body, and throws light upon many of the changes to which 
they are constantly subjected in the living being. Very much, 
however, that transpires withm the vital mechanism is still 
wrapped in mystery which Chemistry at present is imable to 
penetrate. Physiology haf but recently consented to avail 
herself of the assistance of this science in solving her prob- 
lems, and already many beautiful and highly important re- 
sults have been obtained. The rapid advance lately made in 
this interesting and most useful department of knowledge, 
justifies the expectation that the animal system will continue 
still further to surrender its secrets, until the whole field of 
legitimate investigation shall have been explored. 

490. The Exercise of Power produces Waste of Matter, — 
It is an established law of nature, that the exercise of all 
force is attended by a waste of matter. No action, however 
trifling, can take place but at the expense of the material 
engaged in its performance. Every breeze that sweeps 

What dues Animal Chemistry teach ? Does it explain all the chemical changes 
that occur io animals ? What has recently been done ? 

What law is here given? In obedience to this law, what comw is pursued bj 
mechanics? 
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over the ground alters somewhat its surface. The rain that 
falls upon a naked rock bears away- some portion of it to the 
sea. So well is it understood that motion can only occiu* at 
the cost of material, that mechanics resort to every contri- 
vance which can diminish the amount of this loss ; they con- 
struct machines of the hardest and most lasting substances, 
they execute the nicest adjustments, apply oil or other lubri- 
cating bodies to all rubbing surfaces, yet, notwithstanding 
these precautions, the mechanism finally falls a prey to its 
own activity, or in other words, it becomes worn out. 

491. Waste of Matter in Organized Structures. — But 
it is not alone in the department of mechanics or the inor- 
ganic world that we observe the operation of this law ; it is 
displayed on a vastly more imposing scale in the organic 
kingdom of nature. The vital actions of plants, their 
growth, and the development of their various parts and 
products, can only take place by means of an enormous 
waste of matter, as we have seen when speaking of evapo- 
ration from the surface of the leaves (324). In the animal 
system, every motion which it performs, voluntary or invol- 
untary, every movement of a limb, and indeed every exer- 
tion of the mind, is accompanied by a destruction or waste 
of the material of which the animal fabric is composed 
Through the lungs, the kidneys, the bowels, and the whole 
surface of the body, the worn-out, and, as it were, used- 
up atoms, are rejected from the system to the extent of 
several pounds each day. It is an error to suppose that 
decay and decomposition begin only after the death of the 
body. They proceed during every moment of life, from 
the first kindling of the vital spark to its extinction in death. 

What examples of the operation of this law are seen in the yegetable and ani* 
0ial kingdoms ? Upon what does the maintenance of life dt^^end ? What ia tho 
iittioctton behreen living and dead matter ? 
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Indeed, the maintenance of animal life is only possible by 
the perpetual waste and destruction of the oiganiun by 
which it is manifested. In the passage of ccmstituent par- 
ticles from the living to the dead state, consbts the life and 
power of the individual. Were this process of dying by 
atoms, in a measured and regulated way, suddenly to cease, 
the death of the whole system would be the consequence. 
It is usually said that dead animal matter is marked by its 
necessary tendency to decay, while the living body is dis- 
tinguished by its power of resisting decay. But so far is 
this from being true, that the very opposite is the fact. The 
fixed condition of the continuance of life in an animal is the 
decomposition which aU its parts constantly suffer, while 
dead animal matter may be preserved, it is well known, for 
almost any length of time unchanged. Meat, by partially 
cooking and sealing up free from air, may be kept sweet 
even in the moist state for years. Cold also arrests decay. 
In Bussia, animals are long kept in the market in a frozen 
state, and their flesh, when thawed, is as good as ever. 

492. Reparative Power of the Living Being, — But in one 
very important respect the living mechanism differs from 
the inanimate machine ; the latter has no ability to repair 
the destruction it suffers by use. There is no inherent 
power in a watch or a steam-engine to restore its wasted 
parts ; action goes forward until checked by loss of sub- 
stance and consequent derangement, when the comUnation is 
handed over to the mechanic for reconstruction. The living 
body, on the contrary^ is endowed with a capacity of self- 
renovation. It can repair its failing tissues^ and counteract 
its own constant tendency to ruin. The process by which 
this renewal takes place is called nutrition, and the sub- 
stances employed to carry it on constitute /ooc? or nutriment 

En what reipect does the living body diflbr from the Inanlmtto iiMWililna f 
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By means of food, therefore, the living organism can com- 
pensate the rapid expenditure of its own substance, restore 
its losses, and maintain its power. 

493. Supply of Matter to the Plant, — This process of 
nutrition is accomplished by dififerent methods in the two 
great departments of organic life. The plant is fixed to one 
spot, and has no power of changing its locality. Its roots 
penetrate the soiL to a limited distance, and its leaves are 
spread through the air. Within this* narrow space it finds 
the elements necessary to its growth. Water, with mineral 
salts, and gases extracted from the earth and atmosphere, 
constitute its food. If these happen to aboimd, the plant 
exhibits a condition of high activity, a rapid and luxuriant 
growth ; if this supply is deficient, development is corre- 
spondingly feeble and imperfect. The simple object of the 
plant is to grow, and form various proximate substances. It 
IS hence found in immediate connection with the sources of 
its nourishment, and there remains throughout the whole 
term of its life. 

494. Mode in which Animals are supplied with Matter, — 
The case is dififerent with animals, especially the higher 
classes. They are organized for the accomplishment of 
other purposes besides bare vegetative development, and the 
nutritive operations are so carried on as not to interfere with 
the higher functions. Having the power of locomotion, by 
which it is capable of moving from place to place, the ani- 
mal is supplied with a cavity (stomach), into which it receives 
a store of food sufficient to last it for a considerable time, in- 
dependent of a'Supply from any external sources. From thiip 
cavity the system is gradually supplied with nutritive mat- 
To what oondiMoDS is Uio plant confined ? 

How do the condiM'-ns of nutrition in animals differ fVom those of plaalit 
Vnwt OQDsUtates a Audamental disticction between animals and plants? 
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ter until its contents are exhausted, when the store is agam 
renewed as occasion may require. The presence of this di^ 
gestive cavity or stomach, for the reception of a stock of 
nouiishment, is peculiar to animals, and it may be looked 
upon as a fundamental feature of distinction between the 
animal and vegetable races. 

495. Office of Water in the Animal Economy, — The 
constant and rapid changes of which the living body is the 
theatre, require that it should be so organized as to permit 
the greatest possible freedom of motion among its elements. 
This could only be done by making use of a perfect liquid 
as a medium and vehicle of that incessant transportation of 
particles which takes place within the organism. Water is 
the instrument chosen for this purpose. Its complete 
liquidity within a considerable range of temperatiu'e, together 
with its numerous other properties (91), adapt it in a won* 
derful degree to this office, and it is therefore found to be 
the leading and fundamental constituent of all organized 
fabrics, existing to the extent of 75 per cent, throughout the 
animal system. Whatever is to take part in the processes 
of the living body must first be reduced to a state of solu- 
bility, so as to be carried to its appointed stations by the 
liquid currents which are constantly flowing to all parts of 
the organization. To effect this purpose is one of the chief 
objects of digestion. 

496. Operations to which Food is subjected in the Body,^^ 
In a comprehensive sense, digestion may be regarded as the 
conversion of food into blood. But this act consists of sev- 
eral steps or stages which are commonly distinguished as, 
\sit mjostication and insalivation, or chewing the food and 

Why must a large portion of the animal system be in a liquid oondittoii ? Bum 
Is water adapted for this pmpose ? 
Whattadigesticm? What are the seroral stages of digiortloii? 
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mtmg it with the saliva of the mouth ; 2d, chymification^ 
or digestion proper, solution in the stomach ; 3d, chylifica" 
Hon, or the production of chyle by further digestion in thb 
intestines ; and 4th, sanguification, or the conversion of chyle 
into blood. We shall gain the clearest idea of the subject, 
in the hasty glance to which we are confined, by following 
this natural order, and tracing the food through the series of 
interesting and remarkable changes which are successively 
impressed upon it, until it becomes part of the fabric of the 
animal system, and by then inquiring in what manner and 
for what purposes it is separated and thrown back again to 
the inorganic world, from whence it was first derived by 
plants. 

CULINARY PREPARATION OP FOOD. 

497. The changes which food undergoes by the various 
operations of cooking may be considered as preparatory to 
digestion; and as they greatly influence this process by 
either aiding or obstructing it, it is proper at this point 
briefly to notice them. 

498. JSJffect of Cooking upon Vegetables. — The general 
effect of cooking upon vegetable substances is more or less 
completely to destroy their organization by means of the de- 
composing agency of heat. By boiling, the grains of starch 
which constitute a large portion of most vegetable foods 
are ruptured or disorganized, and partially dissolved. Vege- 
table albumen is coagulated or solidified by boiling (373). 
When potatoes are boiled, the starch of which they mainly 
consist does nqt form a mucilage or jelly, such as is pro- 
duced by boiling pure starch. This is probably due to the 

What is the general effect of cooking upon vegetables ? What is the effect 9f 
iN^Uing upon staroh ? Upon albumen ? Why does not the starch of potatoes form 
mudlage upon boiling ? What other results are produced by boiling vegetaoles Y 
What is said of roasting «nd baking? 
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effect of the albumen whicli exists in the tuber in me form 
of a fihny envelope around the starch grains, and thus par- 
tially cuts them off from the solvent action of the water. 
The hard parts of vegetables become softened, and the tis- 
sues, which are more or less tough, as the leafy portions of 
greens, &c,, by sufficient boiling become tender, and are easily 
dissolved in the stomach. Sugar, gum, and various other 
substances are dissolved, and volatile oils dissipated by boiling. 
A quite similar effect is also produced upon the starch and albu- 
men of vegetables by the processes of roasting and baJdng. 

499. Animal Food. — ^The changes produced upon animal 
food differ in some respects from those upon vegetable sub- 
stances, the nutritive value of flesh depending greatly upon 
the manner in which the cooking operations are conducted. 
The flesh of the lower animals which is used as food pos- 
sesses the same constituents and properties as that of man, 
and therefore the fewer changes it undergoes by culinary 
preparation, the easier and more complete will be its trans- 
formation in the system. If flesh employed as food is again 
to become flesh in the body, it is clear that none of its ele- 
ments-should be withdrawn from it by any preliminary oper- 
ations to which it may be submitted. 

600. ^Ifect of Boiling upon Flesh, — ^The musculai' fibre 
of meat, in the natural state, is everywhere surrounded by 
liquid albumen, and when this is removed, the fibre which re- 
mains is the same in all animals. The effect of boiling upon 
free muscular fibre, which constitutes the basis of lean meat, 
is to render it hard and tough in proportion to the biiskness 
and duration of the process. But this effect is, to a certain 



Upon what does the nutritive valoo of flesh depend? Why ahonld lleeh be 
changed as little as possible in cooking ? 

What is said of muscular flbre ? What is the effect of boiling upon it ? Why 
is the flesh of young animals more tender thfua that of old ones? 
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extent, prcTented by the coagulation of the albumen, which 
envelops the fibres, and protects them from the full effect of 
ebullition. Hence the flesh of young animals, which is richer 
in albumen, is more tender than that of old ones, which con- 
tains much less. The albumen, by protracted boiling, becomes 
hard, but not tough. 

601. Nutritious Juices of Flesh, — ^The juices of flesh con- 
tain not only its dissolved albumen, but also other soluble 
substances to which the agreeable taste and flavor of meat, 
as well as its nutritive effect, are due. Hence, if flesh is 
chopped fine and soaked in cold water, these substances will 
be ^ dissolved out, so that the fibrinous residue, when boiled, 
proves perfectly tasteless. If the watery solution is concen- 
trated by evaporation, and poured over the meat from which 
it was removed, it restores the natural flavor. All sorts of 
flesh are aUke in this respect, their peculiar odorous and 
sapid principles existing in the soluble state. Hence, if a 
cold aqueous solution of venison or fowl is added to boiled 
beef and the whole warmed together, the beef acquires the 
taste of the venison or fowl. The common practice of boil- 
ing meat and vegetables in large quantities of water, which 
is thrown away and with it nearly the whole of the soluble 
matte)*, is thus seen to be wasteful and injurious in a high 
degree. We also ^ee that the plan of stewing, in which all 
the soluble matter is retained in the sauce or juice and served 
with the meat, has decided advantage over boiling. Liebig, 
who has lately investigated this subject, suggests the follow- 
ing application of these principles : 

602. Best Method of boiling Meat, — " If the flesh intended 
to be eaten be introduced into the boiler when the water is in 

To what is the flavor of meat due ? How may tho flbro be rendered tasteless 1 
Bofir is the flavor restored ? What conclusions are drawn from this ? 
What is the best method of boiling meat ? Describe the effect of this prooesfr 
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a state of brisk ebullition, and if the boilmg be kept up foi 
some minutes, then so much cold water added as to reduce the 
temperature to 165^ F., or 158^, and the whole kept at this 
temperature for some hours, all the conditions are imited 
which give to the flesh the quality best adapted to its use as 
food. When it is introduced into boiling water, the albu- 
men immediately coagulates from the smface inwards, and 
in this state forms a crust or shell, which no longer permits 
the external water to penetrate into the interior mass of flesh. 
But the temperature is gradually transmitted to the interior, 
and there effects the conversion of the raw flesh into the state 
of boiled or roasted meat. The flesh retains its juices, and 
is quite as agreeable to the taste as it can be made by roast- 
ing ; for the chief part of the sapid constituents of the mass 
is retained imder these circumstances in the flesh." 

603. Best Method of preparing Soup,—'* Soups which 
are to contain the soluble portions of meat are not best ob- 
tamed by long boiling the flesh. The boiling water coagu- 
lates and renders insoluble that which should be dissolved 
in the soup, and which may be extracted by cold water. 
When one pound of lean beef, free of fat, and separated 
from the bones, in the finely divided state in which it is used 
for beef-sausages or mince-meat, is uniformly mixed with 
its own weight of cold water, slowly heated to boiling, and 
the liquid, after boiling briskly for a minute or two, is strained 
through a towel from the coagulated albumen and fibrine, 
now become hard and homy, we obtain an equal Weight of 
the most aromatic soup, of such strength as cannot be ob- 
tained, even by boiling for hours, from a piece of flesh. When 
mixed with salt and the other usual additions by which soup 
is seasoned, and tinged somewhat darker by means of roast- 

^^^^ ■ ■ ■^^— — ■ ■ Ml — _ I __■■■■■ ■ ■■■»■■.■■■■■■■» ^.^^^mm^^^^m^^mm^t^^ . i 

Why should not the flesh be loog boiled, in making soup ? What prooeM it 
•eeommended? 
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ed onions and burnt sugar, it forms the very best soup which 
can in any way be prepared from one pound of flesh." 

604. JSfect of Salting upon Meat, — "It is universally 
luiown that, in the salting of meat, the flesh is rubbed and 
sprinkled with dry salt, and that where the salt and meat 
are in contact, a brine is formed, amounting in bulk to one- 
third of the fluid contained in the raw flesh. I have ascer- 
tained that this brine contains the chief constituents of a con- 
centrated soup or infusion of meat, and that, therefore, in 
the process of salting, the composition of the flesh is changed, 
and this, too, in a much greater degree than occurs in boil- 
ing. In boiling, the highly nutritious albumen remains in 
the coagulated state in the mass of the flesh ; but in salting, 
the albumen is separated from the flesh ; for when the brine 
from salted meat is heated to boUing, a large quantity of 
albumen separates as a coagulum. It is now easy to under- 
stand that in the salting of meat, where this is pushed so 
far as to produce the brine above mentioned, a number of 
substances are withdrawn from the flesh which are essential 
to its constitution, and that it therefore loses in nutritive 
qualities in proportion to this abstraction." — (Liehig.) 

606. Other Methods of preparing Meat, — In roasting, 
meat parts with a considerable portion of its water by evap- 
oration ; the albumen it contains is coagulated ; the mus- 
cular fibre is hardened, especially upon the outside, where 
it is often partially carbonized before the interior is suffi- 
ciently done. Broiling and baking produce similar effects 
to roasting. Frying is the most injurious method of cook- 
ing meat, as the heat is applied by means of boilmg oil or 
jfiat. By the high temperature these are so changed as to 

What is the effect of salting upon meat ? How is it shown that the albunm 
li sepamted from the flesh ? 
How is meat affected by roasting? BroiUng? Baking? Frying? 



( 
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become very indigestible, and this property is also, in a 
degree, communicated to the meat. The flesh of animals 
is rendered harder and more indigestible by drying, smoking, 
pickling,* as well as by salting. 

MASTICATION. 

50G. Instruments of Mastication in Man, — ^The instru- 
ments of mastication, by which the food is crushed and re- 
duced to fineness, are chiefly the teeth. The form of the 
teeth varies in diflerent animals, according to the nature of 
their food. Thus in the camivora (flesh-eaters) they have 
cutting-edges, and work against each other like the blades of 
a pair of scissors. In the graminivora (grain-eaters) they 
are terminated by large, flat, rough surfaces, adapted for 
grinding. The roughness of these surfaces is preserved by 
the unequal wear of the teeth, as they are composed of alter- 
nate vertical plates of substances having unequal degrees of 
hardness. Human teeth are of both these forms ; they are 
32 in number. The four front teeth in each jaw are termed 
incisors (cutting-teeth), the next tooth on each side the cuspid 
(canine or eye tooth), the next two bicuspids (small grinders)^ 
the next three molars (mill-like, or grinders). 

50Y. Mode of reducing Food hy Birds. — In birds, the 
office of reducing food is performed by the gizzard, a hollow 
muscle, furnished with a hard, tendinous lining, which in 
the grain-eating birds is strong and thick. The mechanical 
powers of the gizzard have been tested by causing the birds 
to swallow with their food balls of glass, which were soon 
ground to powder ; and the points of needles and of lancets. 

What is the form of the teeth in the camivora ? In the graminiyora ? How are 
they kept rough ? What is said of human teeth ? How many are there of each 
kind, an i what are they termed? 

What is the office of the gizzard in birds? What inatanoei ire meotioiied 
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fixed in a ball of lead, vrere blunted and broken off, wlulst 
its own coat was not injured. In some of the lowest species 
of animals, the place of the gizzard is occupied by a curious 
pair of jaws, armed with teeth, by the working of which the 
food is effectually crushed. 

508. StrucfuTe and Decay of the Teeth. — The teeth of 
man and the higher animals are composed of 
three very diffe.rent substances — the enarrwl 
(a), (Fig. 23), which covers the whole crown 
of the tooth ; the cement {d), which covera ' 
the fangs; and the ivory, or deatine {b), 
which constitutes the body of the tooth. 
The enamel is formed of fibres, or tubes, 
Imd parallel to each other. It is composed 
almost entirely of mineral matter (phosphate 
of lime and fluoride of calcium), and con 
Uans not above two per cent, of animal 
matter, and is generally so hard as to strike 
fire with steel. The cement resembles bone (539), contam- 
ing about 40 per cent, of animal matter. The body of the 
tooth contains about S5 per cent, of animal matter, its min- 
eral matter being phosphate and carbonate of lime, m the 
form of very minute tubes. When teeth decay, the enamel 
is first worn off so as to expose the ivory, which is gradually 
dissolved by the acid of the unhealthy mucous membrane 
(uid saliva. The decay is thus deepened, until it reaches tha 
nerve (c), when toothache occurs. The teeth are not sup- 
plied with nourishment, and hence have Uttle or no power of 
restoring lost portions. 

n or Ihls «sut What li (bnnd In loiiui ot (ha 
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609. Tartar of the Teeth. — ^This tenn is applied to a dc« 
posit formed upon those parts of the teeth which are not 
protected from the cleansing action of the tongue. It is 
most abundant in the mouths of persons who speak much, 
and keep the mouth open, so as to allow the evaporation of 
the saliva. It consists of the earthy phosphates contained in 
the saliva, together with about 20 per cent, of animal matter. 

610. Importance of complete Mastication of Food, — It is 
the office of the teeth to destroy the cohesion and mechanical 
texture of food, and separate its particles, so as to expose the 
largest possible surface to the chemical solvents in the diges- 
tive process. The chemist weU understands the importance 
of thorough mechanical pulverization as a preliminary to sol- 
vent action. It is important, for the same reason, and to 
the same extent, that food should be well masticated before 
swallowing. The necessity of finely dividing food, m order 
to extract from it the fullest nutritive effect, has been shown 
by experiment. Cows fed upon ground barley yielded" a 
larger product of milk than when fed upon an equal quantity 
of v^hole grain, — (R: D. Thompson.) 

mSAUVATION. 

611. Properties of the Saliva. — Saliva, or spittle, is the 
fluid which moistens the mouth. It is separated from the 
blood by three pairs of glands, two beneath the tongue, and 
one in the cheeks, each pouring out its secretion by a separate 
canal. It is a transparent, viscid fluid, containing about one 
per cent, of earthy and alkaline salts, with a little mucus, 
and 99 per cent, of water. It has the property of entangling 
a large quantity of air, the oxygen of which, being swallowed 

What is said of the tartar of the teeth ? 

Why is thorough mastication neoessaiy f What examj le Illastrates Iti ad?M ita§ >> 

What is saliya ? What organs supply It ? What are Its properties f 
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with the food, is probably essential to digestion. The secre- 
tion of saliva is commonly just sufficient to lubricate the 
mouth, but during chewing it is poured out copiously. The 
amount has been estimated at from 15 to 30 ounces per day 
in a healthy adult. According to Mitscherlich, the saliva is 
commonly acid, but is alkaline during a meal. In some dis- 
eases, as intermittent fever, it is very sour. 

612. Use of the Saliva, — The principal purpose of the 
saliva appears to be, when mixed with the food during mas- 
tication, to begin the chemical work of digestion. It has 
the power of converting starch into sugar, and sugar into 
lactic acid, and, when acidulated, of dissolving fleshi and 
albuminous substances. '' In general, the benefit derived from 
this process of insahvation is just that which is obtained by 
the chemist when he bruises in a mortar with a small quan- 
tity of fluid the substances which he is about to dissolve in 
a large amount. If the preliminary operations of mastica- 
tion and insahvation be neglected, the stomach has to do 
the whole of the Work of preparation, as well as to accomplish 
the digestion ; thus more is thrown upon it than it is adapted 
to bear ; it becomes overworked, and manifests its fatigue 
by not being able to discharge its own proper duty." 

CHYMIFICATION-DIGESTIOISr. 

613. The Stomach: its Form and Size. — The masticated 
food is carried by the act of swallowing (deglutition) into 
the oesophagus (gullet), which conducts it downward into the 
sUmuLch. This organ is a large membranous bag, placed 
across the upper part of the abdomen. Its form is exhib- 

Whore does the process of digestion commence ? What changes are eflbctcd 
>7 the sallra ? If the process of insalivation is neglected, what eflbct follows ? 

Whutis the coarse of the food when swallowed? Describe the stoouudi. In 
.wliai animals ia it largest? In what ia it smallest ? What ia the aixe of the hw 
iitoniach? 
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ited in Fig. 24, the large end being situated on the left side 
of the body, as is there seen. In different animals the size 
of the stomach vaiies exceedingly, according to the concen- 
tration of the food upon which they live. Thus in the flesh- 
*»ating animals it is very small, only a slight enlargement of 
the oesophagus ; while in those which feed upon herbage, 
it is distended into an enormous cavity, or rather into sev- 
eral, as in the cow and sheep. The capacity oi the human 
stomach is about three pints. As a general rule, it is larger 
among those that live upon coarse, bulky diet. 

614. Structure of the Stomach. — ^It consists of three mem- 
branous layers or coats, traversed by numerous blood-vessels 
and' nerves. The outer layer is a smooth, glistening, whitish 
membrane, such as Imes the abdomen, and covers all the in- 
ternal organs. Its use is to strengthen these organs, and by its 
smoothness and constant moisture, to permit them to move 
upon each other without irritation. The middle coat consists 
of two layers of muscular fibres, one of which runs length- 
ways and the other crossways, or around the stomach. By 
means of these muscles, it is enabled to contract its dimensions 
in all directions, so as to adapt its capacity to the amount of 
its contents ; they also play an important part iii giving mo- 
tion to the organ. The third layer of the stomach lines its inter- 
nal surface. It is n soft, velvet-like membrane, of a pale pink 
color in health, and of much greater extent than the outer coats, 
by which it is thrown into numerous folds or wrinkles. It is 
constantly covered with a thin, transparent, viscid mucus. 

615. Properties of iTie Gastric Juice of tlie Stomach,-^ 
From the blood-vessels, which are distributed thickly over 
the stomach, there is separated, or poured out upon its in- 

What is the appearance and use <^ the oater coat of the stomach ? Tbo znidill 
layer? The inner coat? 
What are the properties of the gastric Juice f 
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ner surface, a pure, limpid, colorless, inodorous, slightly 
yiscid, and always distinctly acid fluid, known as the gastric 
juice. It is readily diffusible in water or spirits, and effer- 
vesces slightly with alkalies. It is never obtained pure, but 
always mixed with another secretion of the stomach — a vis- 
cid, semi-opaque substance, salt to the taste, and without 
acid properties. The gastric juice, when taken from the 
stomach, may be kept for many months, if excluded from 
the air, without becoming foetid. It is powerfully antisep- 
tic, checking the progress of putrefaction in meat. 

616. Composition of the Gastric Juice ^ and Mode of its Ac" 
turn, — The acid properties of the gastric juice are due to free 
hydrochloric, acetic, and lactic acids, which have been discov- 
ered in it by different chemists. Its solvent power over food 
depends upon the action of these acids (some suppose chiefly 
the hydrochloric), and also upon a peculiar animal principle, 
csiWed pepsin, which is probably derived from the coats of the 
stomach, and is supposed by Liebig to act in the same way 
as ferment (3Y9). It seems to affect nitrogenous ahments in 
the same way that diastase does starch (363), converting 
them into a state of solubility. The gastric juice also contains 
salts, muriates, and acetates of potash, soda, magnesia, and 
lime, although it maybe observed that its composition varies in 
different animals, and seems adapted to different kinds of food. 

617. The Power of Digestion is limited. — ^The gastric 
juice is not secreted constantly or regularly by the walls of 
the stomach, so as to accumulate and be in readiness for the 
food when it is introduced. It is poured out only when 

What acids are found in the gastric juice ? To what does it owe its solvent 
power? How is it supposed to act upon the food? What salts are found in Ut 
Is it alike in all animals ? 

What causes the flow of the gastric Juice ? How is the amount produced rega 
lated ? Why should not the food taken exceed a fixed amount ? If food ii talDMi 
Ib «xfieH) what is the consequenoe f 



264 ANIMAL, CUEMI8TBY. 

food or some other substance is brought in contact with its 
interior surface, by which its secreting vessels are stimu- 
lated or aroused to action. When the stomach is empty, 
any solid substance taken into it will start the flow of the 
iuice ; but if the substance be not of a nutritive character, 
the secreting vessels speedily discover the cheat, and with- 
hold the secretion. It is an important fact, also, that the 
amount of gastric juice which the stomach is capable of pro- 
ducing is not in proportion to the qvxintity of food taken into 
it, hut in proportion to the amount of food that the system 
requires for healthful nutrition, A definite proportion of 
food only can be digested in a given quantity of the fluid, 
as its action, like that of other chemical solvents, ceases 
after having been exercised on a fixed amount of matter. 
When the juice has become saturated, it will dissolve no 
more, and if an excess of food has been taken it rests as a 
burden upon the stomach, or passes half digested into the 
bowels, producing irritation, pain, and disease. 

618. Effect of the Motions of the Stomach, — ^The food, as it 
enters the stomach through the cardiac orifice (Fig. 24), is 
immediately subjected to a pecuhar movement by which it is 
thoroughly intermixed with the gastric fluid. This motion 
is produced by the alternate contraction and relaxation of 
the muscular bands (514), which produce a constant agi- 
tation or churning of the alimentary mass. The muscular 
contractions appear to take place in a kind of succession, 
by which the contents of the stomach are made to revolve 
or pass around the interior of the stomach in a circuit. This 
route is traversed by the food in from one to three minutes, 
but as'chymification advances, the rapidity of the motions 
increases. The combined effect of this agitation and of the 

What is the first action of the stomach upon the food f How is this motion pro- 
daeed? How long does it continue ? What is chyme? Describe its appeanmea. 
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UiL^ted solvent is to reduce the solid food to a uniform, 
pulpy» semi-fluid condition, in which it is known as chyme. 
It is of a grayish color and creamy aspect when the aliment 
used is rich ; and when otherwise, of a gruelly appearance. 
619. Results of Dr, Beaumont^ s Experiments, — ^We are 
indebted for many interesting particulars concerning diges- 
tion to the observations of Dr. Beaumont, made upon the 
stomach of a young man named Alexis St. Martin, who had 
a hole perforated in his stomach by a gun-shot wound. It 
healed, leaving a permanent orifice of such size that the finger 
could be readily introduced, substances transferred, and va- 
rious observations made upon the nature of the processes 
which went forward within. Dr. Beaumont availed himself 
of the opportunity thus afforded to study the operations of 
digestion, and the results he obtained have added greatly to 
our knowledge of the subject. Among the conclusions to 
which he arrived are the following : That the presence in the 
stomach of any substance which is difficult of digestion inter- 
feres with the solution of food that would otherwise soon be 
reduced ; that huUe is as necessary for healthy digestion as 
nutritious matter itself, a fact which explains ihe custom of 
the Kamschatkans, of mixing earth or sawdust with the train- 
oil ; that soup and fluid diet are not, alone, fit for the sup- 
port of the system, and are not more easily digested than 
solid aliment; that moderate exercise facilitates digestion 
(except, perhaps, immediately after a full meal) ; and that 
temperature controls digestion. This was shown by adding 
(^e gastric juice to finely divided food in vials, and frequently 
agitating it. At 100°, which is about that of the su)mach, 
fclie solution proceeded with considerable rapidity ; while in 

'fo^hat drcmnstaiioe are we indebted for the experiments of Dr. Beaumont? 
What is the first of his conclusions? The second ? What custom does this ex- 
plain ? What is his next conclusion ? How was this shown ? What substances 
dU he find to requh« most time for digestion ? What the least ? 

23 
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tbe cold air the food vas scarcely affected. A gill of water 
at 50°, iajected into the Btomach, lowered ite temperature up- 
wards of 30° ; the natural heat was Dot fully restored again 
for more than half an hour ; the habit of drinkiiig ice- water 
freely during or Eifter a meal muat therefore retard digestion. 
Dr. Beaumont also mode oumeroua experiments to determine 
the time required for different articles of diet to digest in th? 
Glomach, a summaiy of which b given in the following table : 
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520. A part of the food only is dissolved in the stomach,"^ 
The act of digestion is but partially performed in the stom- 
ach. The gastric juice possesses the power of dissolving 
only the nitrogenized elements of foods (372) — albumen, 
fibrine, gluten, caseine. The ternary compounds, starch, 
sugar, and the oily bodies, are unaltered. Indeed, the incip- 
ient changes begim in the starchy principles by intermixture 
with the saliva are arrested in the stomach. Chyme, there- 
fore, is food out of which the nitrogenized principles have 
been dissolved by the gastric fluid, leaving its remaining 
proximate elements, starch, sugar, and oily matters, without 
essential change. A portion of the nitrogenized substances 
dissolved is supposed to be absorbed directly into the blood, 
by the veins which are distributed throughout the coats of 
t^e stomach. A portion of the water, also, which is taken 
into the stomach to allay thirst is taken up in the same man- 
ner by the coats of the stomach, and carried by the veins 
into the general circulation. As this stage of digestion is 
completed, the chyme gradually passes out of the stomach, 
through the pyloric orifice (situated at its small extremity, 
see Fig. 24), into the intestines. 

521. The intestinal tube or alimentary canal, into which 
the chyme flows from the stomach, is divided into two parts — 
the small intestine, and the large intestine, or colon. In man 
the former is estimated to be about twenty-six feet in length, 
and the latter about six feet. — (Bell,) The small intestine 
is disposed in a convoluted or twisted maimer, so that a 
great extent of it may be packed within a small compass : 
the larger portion is arranged very much as is represented 



Does the gastric Jaioe disHoIye an the food? How does it affect the temoiy 
Sroap of bodies ? Wliat becomes of Uie dissolved albmninons substance ? 

Intojrhat does the chyme pass from the stomach ? What is tho duodennait 
Whai sDbstances flow into the duodeoom near the pyloric orifint 
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h Fig. 24. The first portion of the small iittestine cent- 
nected with the sbnnach is slightty latter than the rest, and 
M called the dnodennm. A few inches from the pfloM 



Jl I I I 







orifice there opens into the intestine two paasages or daeb^ 
through which the Kle from the liver, and the putcreatM 
joice from the pancreas, are emptied into the duodennm. 
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522. The Pancreatic Juice, — Through the pancreatic duct 
a liquid is poured which is secreted by the pancreas, and 
known as the pancreatic juice. In its properties it closely 
resembles the saliva, but contains from 8 to 9 per cent, of 
solid matter. It is generally considered to be alkaline, but 
when rendered acid it possesses the properties of gastric 
juice, and is more powerful (524). 

523. The Bile, — ^This liquid is separated from the Ten6 jla 
blood by the liver, and flows into the gall-bladder, whence 
it is poured into the duodenum at a point a, little below the 
entrance of the pancreatic duct. It is a viscid, oily substance, 
of a greemsh-yellow color, a nauseously bitter taste, and 
mixes in all proportions with water. Bile is alkalme, from 
the presence of soda. It gives 12 per cent, of ash, 11 of 
which are carbonate of soda. It also contains a peculiai 
substance of feebly acid properties called cJioleic acid, oi 
Mlic acid. This acid neutralizes a portion of the soda in the 
same manner as the fatty or resinous acids, forming choleate 
of soda. In consequence of this soapy property, it is used, 
as in the case of ox-gall, to remove greasy spots from cloth, 
and the bile of the sea- wolf is ordinarily employed as a soap 
by the Icelanders. Although the bile is looked upon as an 
excretion from the blood (581), yet it performs an important 
office in digestion. 

CHTLIFIOATION. 

524. Duodenal Digestion, — ^'Ihe chyme is mingled with 
the biliary and pancreatic secretions as it passes into tiie 
duodenum. Their intermixture is effected, as in the case of 

Wbttft aie the eonposiUon and properties of the pancreatic Jaioe f Where is Ibt 
Wleprodnoedf What are its properties? For what is it sometimes used? 
With what is the ehyle mixed in the dnodenom? By what means are thsf 



S70 AHDCAL OHEMISTSr* 

the stomach, by the contraction of the muscular walls of the 
mtestine {peristaltic motion), which serves at the same time 
to propel the mass along the alimentary tube. The chemical 
action begun by the saUva during mastication, and suspended 
in the stomach; is here resumed. The starch is converted 
into dextrine and sugar, and a part of the sugar still further 
changed to lactic acid. It is prob&ble, however, that a por- 
tion of the sugar is converted into fat, as the recent experi- 
ments of Meckel appear to show that Inle possesses the 
power of effecting this transformation. He found that when 
bile was mingled with grape-sugar, and allowed to remain 
in contact with it for some time, a much larger quantity of 
fatty matter existed in the mixture than could have been 
present in the bUe. The oily substances of the chyme are 
dissolved, or reduced to the state of an emulsion, so as to 
be readily absorbed. This change was formerly supposed 
to be produced exclusively by the bile. The late researches 
of Bernard, however, have proved that this is the function 
of the pancreatic juice. When this secretion is mixed with 
oily or fatty matters out of the body, it effects this change 
on them at once, although neither saliva, gastric juice, nor 
bile are able to perform it. The product of these changes 
is a whitish, opaque» milky-looking liquid, termed chyle. Its 
appearance is due to innumerable oily globules which are 
diffused through it. 

626. JSlfect of the Different Juices, — ^The gastric juice of 
the stomach is charged with the office of bringing the nitro- 
genized elements of food into a state of solution, while the 
saliva of the mouth, the bile, and pancreatic juice effect the 

mingled together ? What chemical changes now occur ? What appears from the 
experiments of Meckel? What is the oiBce of the pancreatic Juice? Whut is 

CJhylA ? 

By what are the nitrogenized elements dinsclTed? Tho non-aitrogeafiedf If 
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flame change upon the non-nitrogenized principles. If the 
acid of the gastric juice is neutralized, as by the introduc- 
tion of bile into the stomach, it loses its power of dissolving 
albuminous substances, and attacks oily bodies ; on the other 
hand, if the bile and pancreatic fluid are rendered acid, they 
cease to affect the ternary compounds, but act upon those 
which are nitrogenized. The methods thus employed to 
bring the food into a state of solution are purely of a chem- 
ical nature, in all respects analogous to those adopted by 
the chemist in attaining a similar object. The analogy is 
complete in the following particulars : first, in both cases 
the solids are brought to a state of fine division ; second, 
they are agitated and completely intermixed with the sol- 
vents ; third, a fixed quantity of liquid can act only upon a 
definite proportion of solid matter ; fourth, heat influences 
the process; fifth, the same solvent acts differently upon 
different solid substances. 

SANGUIFICATION. 

626. Mode in which the Chyle is removed from the In- 
testines. — So long as the alimentary matter remams in the 
intestinal cavity, it can no more minister to the wants of the 
system than if it were in contact with the external surface 
of the body ; indeed, strictly speaking, it has not yet been 
taken into the system. It is absorbed by a peculiar set of 
vessels called the lacteals, which commence in the intestinal 
tube by a multitude of little rootlets that unite at first into 
minute trunks, then into larger ones, and at length deliver 



the gaatric Jnioe is made alkaline, wliat follows ? If the bUe be made acid, what is 
the result ? In what respect do these processes resemble the operations of the 
chemist? 
What Is the olBce of the lacteals? What do they consist of ? Where do th^ 
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thdr contents into a kind of commwi reserrcnr, the thorack 
duet, which empties into a krge veio neaj the shonlder. Li 
their course tlie lacteal tubes are convoluted, or tvisted to- 
g«tber, into pecniiar knot-like bodies, itf irhich the)r an 
greatly prolonged ; these knot^ tnassea, or ganglia, ara 
called mtaenterie glands, becanse they are inclosed between 
two layers of a membrane or fold called the mtaentary (Fig. 




The lacteals do not open by distinct apertures into 
the inteeUnal tube, bat termmatc m numberless nunate pro- 
jections, called villi, which form a loose tiBsne npon the 
mucous membrane of the intestinal wall. It has been found 
that the act of lacteal absorption ia carried on by means tA 
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Tast numbers of exceedingly minute cells or sacs, which are 
fmned within the villous tissue. In the intervals, when there 
18 no chyle to be absorbed, these cells cannot be seen ; but 
every time digestion takes place, a new crop springs up. 
Their grewth is very rapid and their life transitory. In 
fprowing, they absorb into themselves part of the fluid that 
sorrounds them ; and it is probable that when they are ma 
tore, they either burst or dissolve and deliver the fluid to the 
absorbent vessels. That it is the special office of the lacteals 
to absorb the chyle, is shown by the fact that they are not 
distributed upon the stomach, or upon that portion of the 
mtestinal tube above the point where the bile and pancreatic 
juice enter the duodenum. They are abundant upon the 
small intestine, but less numerous upon the large one. 

527. Selecting Power of the Lacteals, — ^The lacteals pos- 
sess the power of absorbing only that portion of the contents 
of the intestinal canal which is capable of being used by the 
system ; and as the food which i^ eaten contains other sub 
stances, these, of course, are left as a residue in the intes 
tines. This solid residue (excreta), which remains to be ex- 
cluded from the , alimentary passage, must be looked upon, 
not as having taken any part in the grand processes of the 
bystem, but as mainly composed of matters incapable of any 
such service. It however contains a small proportion of 
the waste matters of the system, as the brown coloring mat- 
ter (A the bile, mucus, and some salts, chiefly insoluble phos- 
phates of lime and magnesia. 

528. Changes which occur in the Lacteals, — ^In its sourse 
through the lacteals, the chyle undergoes a change, by which 

What Is eaid of ibeir growth ? Of their disappearance ? From what do we infer 
Oiat the lacteals absorb chyle? 

Do the lacteals take up all the contents of the alimentary canal? What Is said 
of therasldiie? 

What chaimee takes plaoo In the chyle dorinf its passage through the laotoA? 
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it IS brought mto a closer relationship with blood. If exami 
ined at its first entrance into these vessels, before it has pass* 
ed through the glands, it is entirely destitute of that powtt 
of spontaneously coagulating, or clottinff, which is so remarka- 
ble in blood. It consists, in 100 parts, of 90 water,^ 3^ albu- 
men, the same of oils, and about 3 parts of other animal and 
saline matter. But the chyle drawn from the lacteals, after 
it has passed through the mesenteric glands, possesses the 
power of coagulating slightly ; this is caused by the trans- 
formation of a portion of the albumen into fibrine, by wMch 
the fluid begins to assimie the properties of blood. When 
the chyle has reached the thoracic receptacle, its proportion 
of albumen is still further diminished, while the fibrine B 
correspondingly increased ; and it now separates promptly, 
like blood, into clot and serum, in which state it is mingled 
with the venous current of the great circulation. Thus the 
prominent chemical change occurring in the lacteal vessels 
consists in the conversion^ of albumen into fibrine. Other 
transformations take place, but they are not so well under- 
stood, and cannot be detsuled here. 

THE BLOOD. 

529. The series of changes which have just been described 
have for their object to prepare from the food a nutritious 
fluid which shall supply materials of renovation and growth 
to &I1 parts of the body. This fluid is called blood, and the 
apparatus of tubes and channels (blood-vessels) by which it is 
conveyed into all parts of the body is termed the circulatory 
system. 

630. Properties of the Blood, ^— In man and the higher 

What is the obJ«ct of the changes Just described ? What is the drculattMr syv- 
lem? 

What are the properties of blood ? Of what two parts does it conaiflt ? Vna^ 
tolhefinnnof olood-disluinman? What do they oonsiat of ? 
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cnrders of animals, the blood is of a red color ; florid and ap- 
proaching to scarlet when drawn from the arteries, and of 
a deep pm3)le when taken from the veins. It has an mictu* 
ous or soapy feel, a slightly nauseous odor, a saline taste^ 
and an alkaline reaction. When first removed from the 
body, the blood appears to the naked eye a uniform red 
liquid ; but when examined by a microscope, it is seen to 
consist of two distinct parts — a clear and nearly colorless fluid, 
called the plasma or liquor sanguinis ^ and of an inmiense 
number of minute, rounded, red particles floating in this fluid, 
which are known as hlood-globules, blood-disks, or blood-cor- 
puscles. They vary greatly in size and 'form in different 
animals. In man they are flat disks resembling pieces of 
money, but usually exlubiting a slight depression towards the 
centre, and having a diameter from about the jrim ^ iT^inr 
of an inch. The corpuscles consist of a thin membrane or 
sac (globuline), a nitrogenized substance, filled with a red 
coloring matter (hematine), in wljch iron is a large element* 
631. Coagulation, — After the blood has been removed 
from the body for a short time, it spontaneously coagulates, 
or separates into a dark-red jelly, or clot (crassamentum), 
and a pale-colored, slimy liquid (serum). Coagulation is 
caused by the change of soluble fibrine contained in blood to 
the insoluble state. It was formerly supposed that the blood 
was alive, and that this change consisted in its death ; but the 
same event is constantly taking place within the body, as the 
liquid fibrine of the blood is deposited to form solid flesh. 
As the fibrine coagulates, it forms a fine net- work or jelly 
throughout the liquid, which entangles and incloses the red 
corpuscles. It also contains a portion of the serum, which 



What is coagulation of the blood ? What is its cause ? What was once fop- 
IKwedtobethecaose? Of what does the clot consist? Thesorum? Isthoooik- 
Ctitution of the blood always the samo ? 
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may be removed by pressure. The serom consdsts of waieri 
albumen, fatty matter, and various salts. Gr^ory statei 
that the healthy proportions of serum and clot are 87 per 
cent of the former, to 13 of the latter; but it is obvious that 
these proportions must vary in the healthy individual, from 
a great variety of causes. Thus the mere swallowing of a 
draught of water must alter the composition of blood, and 
thus effect its analysis. The general constitution of the blood 
is here given, from Lecanu : 



Water, 780*145 

Fibrine, 2-100 

Coloring matter, 188*000 

Albumen, 65*090 



Crystalline fatty matter, .... 2*480 

Oily matter, 1*810 

Extractive matter, 1*790 

Salts and bases, 14*185 



1000*000 
NUTRITION, 

532. The formation of the various parts of a living body 
from a single homogeneous liquid — ^the blood — ^the nourish- 
ment and growth of a young animal upon milk, and the 
development of a chicken from the liquid contents of an egg, 
are phenomena alike wonderful and mysterious. Of the 
vital force, by which these changes are guided, we compre- 
hend nothing ; something b however known of the trans- 
formations which occur, and more of the chemical nature of 
the products which are formed. The process by which the 
various organs and tissues of the system are elaborated from 
the blood is called nutrition. 

533. Source of the Animal Tissues, — ^We have observed 
that woody fibre, of which the fabric of plants is almost en- 
tirely constructed, is composed only of three elements — car- 

Whatisnatrition? 

How does the composition of animal tissue compare with that of woody flt>re ? Ok 
irhafc are the animal tiasaes formed ? What bodies are all alike in eompositloii f 
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bon, hydrogen, and oxygen. The fundamental tissue of the 
animal fabric is equally uniform in its chemical constitution, 
oontaining the same elements as woody fibre, with the addi- 
tkm of a large proportion of nitrogen. Vegetable tissue is 
thus totally incapable of conversion into animal tissue ; but 
the mtrogenized products of plants are adapted to this pur- 
pose, and it is from these that they are wholly constructed. 
The areolar tissue, which is composed of membranous cells, 
diffused throughout all parts of the body, the muscular 
fibres which constitute flesh, together with the yarious blood- 
vessels and membranes which form the groundwork of the 
animal system and the chief portion of its solids, all have 
the same chemical composition as the nitrogenized com- 
pounds of plants, — gluten, vegetable albumen, and caseine. 
They all contain nitrogen to the extent of 17 per cent. 

634. Nutrition of the Tissues. — The nutrition of the ani- 
mal tissues is therefore, in a chemical point of view, a very 
simple process ; consisting essentially in the coagulation 
or solidification of fibrine, which has its origin in plants. 
When albumen is changed from the liquid to the solid state, 
it exhibits no traces of organization ; that is, the particles 
arrange themselves into a brittle mass, instead of tough, 
thready fibres, and it has not the qualities which would 
adapt it for muscular tissue : fibrine, on the contrary, presents 
these qualities in an eminent degree, coagulating into fibres 
or filaments, so that blood in which fibrine is dissolved has 
been very properly termed liquid flesh. The relations of 
albumen, fibrine, and flesh have been very justly compared 
to those of raw cotton, the spun yam, and the woven fabric. 
The conversion of albumen into fibrine which has been noticed 

What is the difference between coagulated albumen and coagulated fibrine ? To 
What are the relations of albumen, fibrine, and flesh compared? What is said to 
be the result of late researches? How does the nutrition of oamivorous and hei^ 
hrrofom animals difflbr ? 
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as occurring in the lacteals (528), and which is also constant- 
Ij taking place in the blood, is therefore a simple flesh* 
forming process, the product necessarily remaining m a 
liquid state, that it may be distributed by the circulation 
into all parts of the system, while it gradually coagulates 
into fibrous and muscular tissue. Late microscopical dis- 
coveries render it probable that .he process of nutrition is 
carried on by means of the growth of innumerable cells, 
which are developed and extended upon the solid surfaces. 
The nutrition of the grain and herb-eating animals is of the 
same nature as in those which subsist upon flesh, the con- 
stituents of their blood being in both cases of vegetable 
origin. The only difference is, that carnivorous animals ap- 
propriate those elements of nutrition (blood and flesh), which 
have already served a similar purpose in animals which live 
upon vegetation. 

535. Consumption, — If the conversion of albumen into 
fibrine is incomplete, the tissues are imperfectly nourished, 
and the strength and vigor of the body are impaired. The 
formation of tubercles in the limgs, which give rise to con- 
sumption, is due to this cause — ^the imperfect elaboration 
of the fibrine. Tubercular matter consists of half-formed 
cells, fibres, &c,, and coagulated albumen, deposited m the 
tissue of the limgs^ which consequentiy impairs respiration, 
and produces irritation and inflammation, like any other for- 
eign matter. The only manner in which any curative means 
can be brought to bear upon this terrible scourge is by at- 
tention to the constitutional states from which it results. 
This is sometimes hereditary, and sometimes induced by in- 
sufficient nutrition, habitual exposure to cold and damp. 

What to the cause of tubercles hi the luDgs ? Of what does tubercular mails 
consist? What effect does it produce? What circumstances will induce tuber 
onlar disease ? What treatment is recommended ? 
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long-contiiiued mental depression, &c. The treatment must 
be directed to the invigoration of the system, by good food, 
active exercise, pure air, warm clothing, and cheerful occu- 
padons ; and by a due employment of these means, at a suf- 
ficiently early period, many lives might be saved, which 
would otherwise fall a sacrifice to tubercubu: disease. — ( (7ar- 
petUer,) 
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536. Gelatine. — ^When the tendons, ligaments, cartilages, 
skin and bones of animals are for some time boiled in water, 
a substance is extracted, which gelatinizes, or forms a jelly, 
aa cooling. It is a nitrogenized compound, having the for- 
mula Cii Hio O5 Ng {Mulder) ; but, unlike the albuminous 
substances, it is not formed by plants, nor is it found in the 
blood : it must, therefore, be looked upon as a secretion, 
although some chemists maintain that it is formed by the 
process which is employed to obtain it, and has no real ex- 
istence in the animal organism. The gelatine from car- 
tilage is termed chondrine. Pure gelatine is colorless, 
transparent, inodorous, and insipid. In cold water it gradu- 
ally softens and swells, but does not dissolve until heated. 
The cooled solution remains as a more or less firm jelly. 
Gelatine is insoluble in alcohol, ether, and the fixed and vol- 
atile oils. Isinglass is the name given to a commercial form 
of gelatine, which is obtained chiefly from the air-bladder of 
fish, as the sturgeon and cod. When the membranes are 
cleansed, dried, and scraped, they form leaf isinglass ; when 
folded into packages they constitute hook isinglass. It is ex- 

FVom what eubstances is gelatine obtained ¥ How does it differ flrom the albu- 
mfaioiis Bubstances? How do some chemists regard it? Wliat is chondrine? 
What are the properties of pure gelatine? What is isinglass? Leaf isinglaai? 
BookliingbMi? For what is it used? How may it be preserved? 



280 AHDCAL OHSiaErrBY. 

tensely employed as an article of diet, in the form of jelly: 
one part of isinglass dissolres in 100 of hot water, forming 
a thick, tremulous jelly, when cooled. Jelly may be kept in 
close vessels for some days without change, but in open 
vessels it soon becomes mouldy, especially in the vicinity ot 
blossoming plants {Brande) : it then putrefies, although this 
change, it is said, may be arrested by a little acetic acid^ 
without much affecting the jelly. 

537. Gltie is a form of gelatine extracted from bones, the 
parings of hides, and the hoofs and ears of cattle, by boiling 
in water, or by steam pressure. The solution obtained cools 
into a stiff jelly, which is cut by wires into thin slices, and 
dried upon netting, to which its peculiar grooved appearance 
is due. Good glue is hard, brittle, translucent, and of a brown- 
ish color. By inmiersion in cold water, it absorbs three or 
four times its weight without dissolving. Where less water is 
absorbed, or where the glue loses its viscid aspect in cold 
water, it is unfit for use. The employment of glue, in uniting 
or binding substances together, is well known. Its adhedve 
power is increased by adding to it white-lead or borax — an 
ounce of the salt to a pound of glue. 

538. Court-plaster is silk cloth, varnished over with a 
solution of gelatine. Transparent wafers are also made of 
gelatine ; common wafers being made from flour-paste, col- 
ored with various substances. 

539. Bones, their composition, — Bones consist of gelatinous 
tissue, into which mineral matter has been deposited, imtil it 
possesses a stony hardness. The mineral substances are phos- 
phate and carbonate of lime. The phosphate predonunates in 
the higher animals ; in the lower, the carbonate. The amount 

What is glue ? Wh at are ttie qualities of good glue ? How Is poor g^ne knownt 
Bow may the adliesive power of glue be increased f 
What is coiirt*plaster ? Of what aro wafers aiade ? 
What do bones ooDsist of ? What is said of the mliMnd matter of booMT 
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of mmeral matter in bones increases with age : thus in the 
cbild it forms about half the weight of the bone, in the adult 
four-fifths, and in the old person seven-eighths. 

640. Mineral and Organic Elements of Bones. — ^If a bone 
b soaked in diluted muriatic acid, the mineral salts are dis- 
solved out, the animal matter remaining as tough, flexible, 
nearly transparent gelatine, having the same form as the 
bone. If, on the other hand, we submit a bone to strong 
heat, the animal portion is burned out, and the earthy part 
remains. The bone is then brittle, and falls to pieces at the 
slightest touch. Hence bony structures owe their tenacity 
to the oi^anic element, and their hardness and stifihess to 
the mineral substances of which they consist. In the disease 
called rickets there is a deficiency of the inorganic constitu- 
ents, and the bones, therefore, become twisted and distorted. 
A solution of phosphate of lime, in phosphoric acid, has been 
prescribed as a remedy. There is also a malady of an oppo- 
site nature, in which there is less than a healthy supply of 
animal matter. In this case the bones are exceedingly liable 
to fracture. The nails, claws, and horns of animals, are anal- 
ogous in composition to the bones. 

641. Mode in which the Shells of Crustacea are prodticed, 
— ^In some of the lower species of animals, as crabs and lob- 
sters (Crustacea), the bony skeleton, instead of traversing the 
interior of the body, exists in the form of an external cover- 
ing, or shell. This shell is periodically thrown off, and re- 
newed again in a very speedy and curious manner. There is, 
laid up in the walls of their stomach, a supply of carbonate 
of lime, in the form of little concretions, known as " crab's 

How may we teparate the animal fh>m the earthy portion of bonet ? To what 
Is the tenacity of bones due ? To what do they owe their hardness ? What is the 
oanse of rickets? I'le remedy f What other disease of the bones is mentionedT 

In the emstaoea, where is the bony skeletoafomid? When this shell is caat otf 
liy the animal, how is a new one fbrmed? 
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eyes.'' When the shell is cast off this mafcter is taken up 
by the blood-vessels, and carried out to the sorCace oi her 
body, where a new shell is formed in a day or two. 

542. Hair, its Composition, — The basis of hair is a mtro- 
gcnized animal tissue, containing deposits of lime, magnesia^ 
and salts of iron, together with a considerable quantity ai, 
sulphur, to which much of its disagreeable odor in burning 
is due. The various colors of hair are due to the differences 
in its chemical composition. Thus, according to Wilson, red 
hair contains a reddish-colored oil, a large proportion of sul- 
phur, and a small quantity of iron ; fair hak a white oil, with 
phosphate of lime, and the white hair of the aged a consid- 
erable quantity of the phosphate. 

643. Fat. — ^The properties of fat have been already de- 
scribed (427). It is separated from the blood, and deposited 
in the adipose tissue, throughout all parts of the body, in the 
shape of small globules, from the ^^ to ^^ of an inch in 
diameter. This deposit forms a layer, of various degrees of 
thickness, which ^ves roimdness and symmetry to the animal 
form, and at the same time furnishes a kind of pad, or 
cushion, for the support of movable parts. It has been an 
earnest question among chemists whether the fat of animals 
is exclusively derived from vegetables, or in part generated 
within the organism from the non-nitrogenized elements of 
food. It is at present thought that the animal does possess 
such a power, while it is known that fat exists in plants to a 
much larger extent than was formerly supposed. 

644. Nervous Matter, — ^The nerves are minute threads or 
cords, which in man extend into all parts of the body, and 



or what is hair composed ? To what are its rarioua colors owing ? VHiat doo8 
ted hair contain ? Fair hair ? Gray hair ? 

From «hat is the fotof the system derived? What are some of its nseflT What 
qtiestion concerning its production has been discussed by chemists ? 
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which perfonn a twofold object: one class or set transmits 
sensations to the brain, the seat of the mind, while another 
set conveys the mandate of the will from the brain to the 
muscles, by which it is executed. 

645. Composition of the Serves, — ^The chemical compo^ 
sition of the nerves is the same as that of the brain. The 
nervous matter of an adult gives, upon analysis in 100 parts : 

Of Water, 72*51 

Albumen, 9*40 

Fat, 610 

OBmazome and Salts, 10*19 

Phosphorus, 1*80 

100*00 

The structure of the nerves is tubular, the wall being com- 
posed of albumen; within it is contained minute fat glob- 
ules, and with these the phosphorus is associated. This 
element, as will be shown in another place (592), is es- 
sentially connected with the operations of the mind. The 
amount of phosphorus in the nervous matter of infants was 
found upon analysis to be 0*80, in aged persons I'OO, in 
adults 1*80, and in idiots 0*85 per cent. — ^but half that which 
is found at the adult period, or condition of greatest mental 
vigor. Osmazome is an ill-defined compound, to which the 
aromatic flavor of soup has been attributed. It is lately 
shown to be a mixture of several substances. 



SECRETIONS. 

546. Those substances which are separated from the blood, 
not for the purpose of purifying it, but to answer some piu:- 

What are nerres ? What is their oflloe f 

What la the oompoeltion of the nenres ? What the structare ? How does th« 
•BomitofphoqthcNniSTaiy? Whatiaosiiiazoaie? 



284 ASnCAL ClUCMIB T Kr , 

pose in the animal economy, are tenned ieereiwns. The 
saliva, gastric juice, and pancreatic juice, already described, 
are examples. To these may be added muctu, which is se- 
creted from the surface of membranes {mucous membranes^ 
and lymph, which is poured out from the lymphatic vessels ; 
neither of which have been satisfactorily examined. The 
tears {lackrym>al secretion) consist of water, rendered slightly 
saline by common salt, and containing also a little albumen, 
combined with soda. 

MILK 



« 



647. Its Source and Composition. — ^This fluid is secreted 
from the blood of females, of the class mammalia, for the 
nourishment of their young. It is the only substance com- 
pletely prepared by nature as an article of food ; and it is so 
constituted as to furnish materials for the development of all 
the various organs and compounds of the young animal : its 
composition must, therefore, be a matter of interest. It is a 
white liquid, of a sweetish taste, a peculiar odor, and contains* 
dissolved, sugar, caseine, and salts ; also a fatty substance, 
butter, which is diffused throughout it in the form of minute 
globules, that are visible with the microscope, while at the 
same time the liquid appears transparent. The composition 
of fresh cow's milk is as follows : 

Water, 88-80 

Caseine, 4*82 

Milk-sugar, 8*89 

Batter, 8-00 

Salts, 0*49 

lOO-OO 
Solid matter, 11*07 



^ 



What are seoetioiisf Glye examples. What do tean oonafst of T 

What is said of milk as ftxxl? State its prc^>ertie8. What is Us oomporittaf 
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548. The Lactometer, or MUk-measurer, — ^When freshly 
drawn milk is permitted to stand, the butter-globules rise to 
the surface and form cream. The proportion of cream in 
milk may be determined by means of an instrument called 
the lactometer, which consists simply of a glass tube, six or 
seven inches long, which Is marked off into a hundred equal 
dirkions. It is filled with a sample of milk and allowed to 
stand, when the per cent, of cream which forms upon the 
surfoce is read off upon the scale. 

549. Production of Butter, — Butter is obtained either 
from Qieam or from milk, by agitating it 'n various ways 
(churning). This is necessary, because the oil-globules are 
invested by a delicate membrane, which requires to be rup- 
tured before the butter will cohere mto a solid mass. Heat 
also bursts the globules and causes them to unite, but the 
batter thus produced is of a poorer quality. The best 
temperature for churning is, for cream, 55^ to 58^, and for 
milk- 65^. — {Johnston,) During the process the tempera- 
ture rises from 4^ to 10^, and the milk or cream, if sweet, 
turns sour, oxygen is absorbed, and acid formed, which 
seems to aid in the coalescence of the oil-globules. From a. 
great variety of causes, butter is liable to changes by which 
its quality is impaired ; among these may be mentioned the 
absorption of bad odors by cream, if not kept in a perfectiy 
clean place with a frequent renewal of fresh air; washing 
with water containing much lime or organic matter, and 

packing with impure salt. But the chief source of injurious 
changes in biukter is the putrefaction of cheesy matter, ca- 

seine (875), cf which it always contains a small portion. 



What is cream? What is the lactometer? How is it used? 
How is batter obtained ? Why is db ctraing necessary ? What is said of batter 
fndnoed by heat? What is the best fur churning ? What changes occur daring 
it How does butter sometimes becwne deteriorated in qnality ? 
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The caseine converts the sugar of milk mto lactic acid, and 
that into butyric acid, to which the disagreeable smell of 
rancid butter is mainly due. 

650. Milk-sugar (Lcxtine), C„H.oO,o + 2 H O.— This xi 
the substance which gives to milk its slightly sweet taste. It 
is obtsdned by evaporating clarified whey imtil it crystallizes. 
It is much less soluble than cane or grape sugar, and there- 
fore much less sweet : it is also hard and gritty. 

551. Caseine, or the curd of milk, has the same composi- 
tion and properties as vegetable caseine (375) : it exists in 
milk in a state of solution, but is very insoluble in water, one 
pound of caseine requiring 400 pounds of that liquid to dis- 
solve it. Caseine is held in solution in milk by means of a 
small quantity of soda ; if this is neutralized by an acid the 
caseine is at once precipitated, as insoluble curd, and an ad- 
dition of a little carbonate of soda or potash, so as to form a 
weak alkaline solution, redissolves it. 

552. Natural Curdling of Milk, — ^When milk is exposed 
to the air for a certain length of time, it becomes sour and 
curdles ; that is, its caseine is precipitated. The curd, how- 
ever, does not readily separate from the liquid part (whey), 
unless a gentle heat be applied, when it contracts in bulk 
and rises to the surface. The souring and curdling process 
proceeds slowly in the cold, but quickens as the temperature 
is elevated ; and is observed to take place first at the surface 
of the milk; where it is in contact with the air. The changes 
that here occur are begun by the oxygen of the air, which 
induces decomposition in the nitrogenized caseine ; this de- 
composition is propagated to the sugar of milkj which is 



^Vh at is said of milk-sugar ? 

V\rhat is said of caseine? How is it held in solution? What pradpitatei it 
flow may it be redissolved? 
Howismilkeordled? HowisthecardsepaFotodfiromthtwh^? WlMiidoM 



MILK — THE OUBDLINa FBOOESS. 287 

changed to lactic €tcid, probably bj being first converted 
into grape-sugar; but this is not precisely blown. The 
lactic acid gives to milk its sourness, and by neutralizing its 
Boda precipitates the caseine. 

653. Artificial Curdling of Milk, — It seems to matter 
nothing whether the acid is generated spontaneously by the 
elements of milk, or is added artificiaUy, the effect being the 
same. Almost any acid substance possesses the power of 
curdling milk. In Holland, muriatic acid is said to be exten- 
»vely employed for this purpose in the cheese manufacture. 
In Switzerland they add a little sour milk to produce the curd ; 
while in other countries vinegar, tartaric acid, lemon-juice, 
cream of tartar, and salt of sorrel, are also employed. But the 
substance most generally used for this purpose usually consists 
of the lining membrane of the stomach of a calf, prepared 
by salting and drying. The rennet is soaked in water or 
whey, which being added to the milk, and the temperature 
raised to 05^, coagulates it promptly. It has been hitherto 
considered that the coagulating action of rennet is due to a 
portion of gastric juice which it retains ; but late researches 
show that it acts in the same manner as caseine (552), by 
changing milk-sugar mto lactic acid, through its decompo- 
sition. Gastric juice, it is true, curdles milk rapidly; but 
the thorough and repeated washings and dryings to which 
rennet may be subjected without destroying its efficacy, ren- 
ders it impossible to ascribe its action to that solvent, while 
it is well known that other membranes besides that of the 
stomach, in a state of decomposition, convert sugar of milk 
into lactic acid. 

It curdle most rapidly ? Where does the process begin? State the changes thai 
occur. 

How maj milk be artificially curdled? What substances are employed for Ihit 
iwrposo ? How does rennet act in the curdling of milk ? How does it appear thai 
gastrle Jnlee is not the agent in producing the change ? 
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654. Experiment of Berzelifis. — The small quantity of 
rennet which tal^es part in the process is well illustrated by 
an experiment of Berzelius. He took a bit of the lining of a 
calf's stomach, washed it completely, dried and wdghed it 
carefully, and put it mto 1800 times its weight of milk. He 
then heated it 120^, and when coagulation was complete 
withdrew the membrane, washed, dried, and again weighed 
it : the loss was ^ of its entire weight. But one part c^ 
the membrane, therefore, was used in coagulating thirty 
thousand of milk. 

655. Preservation of MUk. — ^Milk or cream may be pre- 
served, or restored to a state of sweetness when it has begun 
to sour, by adding to it a small quantity of soda» pearlash, or 
magnesia, which neutralizes the lactic acid : the lactates thus 
formed are not unwholesome. The action of curd, in decom- 
posing sugar of milk, is arrested or prevented by heating it 
to the boiling temperature. Hence if milk be introduced mto 
bottles, well corked, put into a pan with cold water and 
gradually raised to the boiling points and after cooling be 
taken out and set away in a cool place, the milk may be pre- 
served perfectly sweet for half a year. — {JohnsUm.) K the 
bottle in this case be imcorked, and the milk exposed to the 
air, the caseine, after a few days, resumes its property of de- 
composing milk-sugar and forming lactic acid. By evapora- 
ting milk at a moderate heat, with constant stirring, its solid 
constituents are left as a dry mass, which may be kept for 
any length of time, and which, when dissolved in water, is 
said to possess all the properties of the most excellent milk. 

556. Adaptation for Food, — ^Milk contains all the saline 
substances which are found in the blood (400), or which the 



Describe the experiment of Berzelius. 

How may soar milk be restored to sweetnefs? IIow may milk be prepared to 
as to remain sweet for months ? What is the effect of anoorUDg the bdttof 
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growing animal requires, phosphate of lime in large quan- 
tity (40 gallons contain 1 lb.) for the development of bones, 
common salt to furnish by its decomposition the hydro- 
chloric acid of the gastric juice and the soda of the bile, and 
also a trace of iron, which reappears jn the coloring matter 
of the blood. The other constituents of milk perform 
equally important offices in nutrition ; the butter yields fat, 
the sugar is burned for the production of heat, the caseine 
forms flesh, %nd the large proportion of water supplies this 
necessary element to the system. 



RESPIRATION. 

65V. Destructive Force in the System. — ^Thus far the 
changes that have been noticed as occurring in the animal 
body are of a formative nature, their object being to build 
up the system by constant additions of matter to all its 
parts. The amount of food taken for this purpose of course 
varies very much in different individuals and different cir- 
cumstances, but it may be stated as an average that an 
adult man consumes each day two pounds and a half of 
solid food, and from four to Ave pounds of Uquid, besides 
taking into his system two pounds of oxygen gas from the 
air. And yet his body does not increase in its weight, but 
in health remains of a uniform bulk and weight from year 
to year. A destructive process must therefore be constantly 
going on in the system, sufficiently active to use up and 
carry away the same amount of matter that is supplied 

How does ttie comporition of milk compare with that of blood ? What offloea 
do its diflSarent consUtiienta perform in nutrition? 

Ikm much food doot an adult conatume daily ? How mac1i oxygen ? Why doef 
not UtolMxiylncroaao in weight? What is IhechBiuiel of this waste f 

25 
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through the channels of nutrition. The source of this per« 
petual waste and destruction is the act of respiration, by 
which common air is brought into contact with eveiy por- 
tion of the animal organization. 

558. Nature of Respiration always the same, its Modes 
different. — The relation of animals to the atmosphere is of 
a most direct and vital nature. All the peculiar actions 
which take place in the animal structure, and which taken 
collectively we call life, are set in motion and kept in motion 
by atmospheric oxygen. Its effect is exerted upon the body 
through the medium of the respiratory organs. The action 
of oxygen is exactly of the same nature in all animals, but 
the structure and arrangement of the respiratory mechan- 
ism dififer according as they are destined to be acted upon 
by oxygen in the condition of a gas, or in a state of solution 
in water. Animals low in the scale of nature, whose struc- 
ture is ^simple, and the composition of their bodies porous, 
have no separate breathing apparatus ; their respiration is 
what is called cutaneous, that is, mr contained in .the water 
in which they live penetrates all parts of their body, and 
acts upon the blood. Those animals which inhabit the 
water have special organs for breathing, termed branchia, or 
pills, which are composed of feathery filaments, or tufts of 
blood-vessels, situated externally upon the body, and de- 
signed to be acted upon by the air which is contained in 
water. The higher animals respire by lungs, which consist 
of membranous bags lodged within the body, and which are 
directly acted upon by the air. 

559. Respiration of Fishes.-^The branchia, or gills of 

Does oxygen act in the same manner npon all animals? la the resplntoiy ap- 
paratos of all animals alike ? How is the respiration of the lowest animals pe»> 
formed? What is the breathing apparatus of fish called? What oigani here tlM 
Ui^ animals fin* this pmpose ? 



AQUATIO BESPmATIOir. 291 

fish consist of a mass of blood-vessels in the form of deli* 
cate comb-like fringes, arranged in rows on each side of the 
throat. The branchia are hence situated on the outside of 
the body, but they are overlaid by a large valve-hke flap, 
which is termed the gill-cover, and which is seen in constant 
motion when the fish is in its native element. A continual 
eorrent of water is made to pass over the gills by the action 
of the mouth, which takes in a large quantity, and com- 
pressing it by muscular contraction, the gill-cover opens, the 
fibrils spread, and the water is forced out through openings 
between the rows of fringes. Each fibril consists of two ves- 
sels, a vein and artery, one of which brings the blood, while the 
other returns it again to the system. As the water flows over 
the surface of these vessels an interchange takes place, the 
carbonic acid of the impure blood escapes outwardly, while 
the oxygen of the water- atmosphere (93) is absorbed into the 
blood, which is thus purified. 

660. The art of drowning fishes under water, which is 
practised by anglers, consists in keeping their mouths open 
by means of the hook, which makes it impossible for the 
animal to breathe, and thus produces suflbeation. 

661. Why Fish die when removed from the Water. — 
When a fish is withdrawn from the water, the fringes of its 
gills speedily mat or clog together and dry up, so that the 
air cannot exert any action upon them, and respiration there- 
fore ceases ; but if the gills are kept constantly moist, they 
will continue to perform their oflBce of absorbing oxygen, 
and thus maintain life. There are certain fishes which pos« 
sess the means of securing this condition. The gill-filaments 

Detcrtbe the breathing organs of fishes ? How are the gills sapplied with ozy* 
gen ? Of what does each fibril consist ? What chemical change takes place ? 

By what means are fish drowned in water ? 

How may fishes be kept alive when oat of water ? What contrlTaoces haTO < 
•ri^ enabling them to live for some time ap<ni land ? 
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are so arranged that they do not clog together, and by 
means of little reservoirs of water, which are provided for 
the purpose, they may be kept moist for some time. These 
contrivances are said to enable some species of fish to re- 
main sufficiently long upon land to migrate from lake to 
lake. 

562. Respiration of Whales, — Many marine animals, as 
whales, seals, porpoises, <!^c., breathe atmospheric air, and 
are therefore compelled frequently to rise to the surface^ 
Some possess the means of carrying with them a temporary 
supply of air ; others, as the whale, have reservoirs in which 
the arterial blood can be accumulated : as it is rendered im- 
pure in the body, it passes into another reservoir connected 
with the veins, and the animal is thus enabled to remain for 
A considerable time beneath the surface. 

663. Bespiration of Insects. — ^The organs of respiration in 
insects are internal — within the system. The air is admit- 
ted through minute orifices called spiracles, arranged along 
the side of the body, which open into a system of tubes 
(trachea). These ^^-tubes ramify and extend into all parts 
of the body. 

664. Bespiration of Reptiles, — ^The low form of respira- 
tion which takes place in reptiles is carried on by means of 
ur-sacs contained within the body, and which may be re- 
garded as the rudest form of lungs. The air enters through 
the mouth ; but reptiles have no power of filling their lungs 
by a process resembUng our inspiration^ or drawing in of 
air : they are obliged to swallow it by mouthfuls, as we do 

Why are some marine animals often compelled to rise to the surfiice of the wap 
terf What arrangement has the whale which enables it to stay some time mider 
the water ? 

Describe the respiratory organs of insects ? 

By what means is the respiration of reptiles carried on? How it air takes liilt 
Iheir bodies ? Bow may they be atrangled? 
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food, forcing or pnahing it Aowa by muscular contractiDD 
BepUles, as veil as fishes, may therefore be Bufii»aled oi 
■trangled by keeping their mouths constantly open. 

665. RtspiTatwn by Lungs. — The higher animals breathe 
l)y means of true lungs. In man, the»e consist of a pair iA 
Lu^, poucb-sbaped organs, situated in the upper cavity of 
the body (thorax), one on each ude of the heart. The 
irindpipe (trachea), which passes from the mouth to tbe 
pbes^ Uiere sepaiatea into two brortchia, one of which enters 
each long. These d'vide into smaller bronchial tubes, 
wfaicb ag^ subdivide, and finally terminate in minute cavl- 
tdea colled air-etUs. The whole arrangement has been eom- 
pared to an inverted, tree, the fi»» 

trunk representdng the wind- 
pipe, the branches and twigs 
the subdivisions of the bron- 
chia, and the expanding buds 
the mr-cells. The air-cells are 
about yj^ of an inch in di- 
ameter, and their number in a 
person of average size has 
been estimated by Weber at 
600,000,000. They are ail 
composed of one continuous 
membrane, which is computed 
to have a surface thirty tJmes | 
greater than the exterior of 
tbe body. Fig. 26 represents 
one ude of the lung present- 
ing its notunl appearance, and 

DMCrttw lb* lOBS* in man T WbU li nld <rf Uis alio ml de 
eAT Wkil or Uw DHinibniia compoitDg IbBm T BrwhkllB 
II m "j mpttad irilh ficrii ^? 
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the other the branchmgs of the air-passages, or bronchial 
tubes, by which the air is conveyed to every part of the lungs. 
The lungs completely fill the cavity of the chest> so that by 
the alternate expansion and contraction of the surrounding 
walls and floor, they are correspondingly enlarged and dimin- 
bhed in size ; the contractile pressure of the chest driving 
the air out (expiration), and the the external pressure of the 
atmosphere forcing it back again (inspiration). ^ By this means 
the constant renewal of the air in the lungs is secured. 

666. Circulatory Apparatvs in Man, — ^As the perpetual 
renovation of the vitdl fluid of the body takes place within 
the lungs alone, there must obviously be a provision for its 
constant passage through these organs ; they are therefore 
included in the route of the general circulation of the blood. 
The higher animals possess two hearts, which, although lo- 
cated together (double heart), have yet no direct conmiunica- 
tion with each other. Each heart has two openings or cav- 
ities : the upper one being termed the auricle, or receiving 
cavity, and the lower one the ventricle, or propelling cavity, 
which connect with each other by means of orifices guarded 
by valves. In man, the blood which has been used in his 
system, and can be of no further service until purified, is all 
gathered into a large vein {vena cava), and poured into the 
auricle of his right-side heart. From this it passes to the 
ventricle, and is there driven through another large vessel 
(pulmonary artery) to the lungs. Having been properly 
changed here, it passes by another vessel (pulmonary vein) 
to the left-heart auricle, thence to the left ventricle, from 
which it is distributed through the aorta all over the body. 
The large trunks, both arteries and veins, as they pass from 

Detoribe the heart of the higher animals ? At what point is ali the impure blood 
eoUected ? Where doea it then paas ? After its purification in the lungs vrhero is 
tt again collected? Bywhatvesaels is it then distributed through the bodyf What 
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the central beart, difide into smaUer branches, and these are 
BtiC further divided until they become no larger thim a hair, 
and are hence called capillaries (from eapUlvs, a biur). The 
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air-cell> of the lungs are covered vrith these minute vessels, 
called pulmonary capillaries, and it is through these that 
the blood flows from the right to the left heart in tbo lesser 
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or pnlmonaiy circnlation. Besides these, other minute 
blood-vessels are distributed throughout all parts of the sys« 
tern ; they are therefore termed systemic capillaries. It 
is through these that the blood flows from the left to the 
right heart (systemic or greater circulation), the capillary 
arteries being continuous with the capillary veins. An ideal 
representation of the circulation in man is given in Fig. 27. 

567. Changes which take place in the Lungs. — ^The blood 
which has been passed through the systemic capillaries and 
been returned by the veins to the heart is called vejious 
blood. It is of a dark purple color ; but when it reaches 
the lungs, and is submitted to the action of the air, it changes 
to a bright crimson, and is then known as arterial blood. 
Accompan3ring this alteration of color there is also a chemi- 
cal change. Oxygen, from the air contained in the lungs, 
passes inward, or is absorbed through the cell-membrane, 
and combines with the blood ; while at the same time car- 
bonic acid and water from the venous blood escape through 
the membrane in the opposite direction, mingle with the air, 
and arc- thrown from the lungs by expiration. The power 
of membranes to condense and transmit gases has been 
noticed before (137). 

668. Oxidation occurs chiefly in the Systemic Capillaries. — 
It was formerly supposed that the carbonic acid and water 
were formed in the lungs by the direct union of the oxygen 
with the carbon and hydrogen of the blood. But this idea 
has been abandoned, as it is shown that animals respiring 
pure hydrogen or nitrogen continue for some time to exhale 
carbonic acid, which would not be the case' if it were only 
formed -immediately by oxidation in the lungs. On the con- 

What is yenotu blood ? What is its color ? Wbni color does it aoqniro in Cha 
knigif What is it Uien called ? What chemical change also ocenrs ? 
Uow Is It shown that the carbonic add and wat«r are not fomied in the 
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tmry, it is at the opposite extremity of the circulation, in 
the systemic capillaries, where the arterial system passes 
into the venous, that the oxidation of carbon and hydrogen 
takes place. It is here that the blood loses its florid arterial 
aspect and acquires a dark or venous tint, parts with its oxy- 
gen, and becomes charged with carbonic acid. These capil- 
laries, therefore, which are diffused throughout all the body, 
perform exactly the opposite office to those of the lungs. 

669. Supposed Use of Iron in the Blood-Disks, — ^The oxy- 
gen, when absorbed, combines not with the mass of the 
blood, but with its red disks only, and its union with them 
seems to be of a peculiarly loose nature, as it is surrendered 
up at all points of the organism to enter into other combina- 
tions. Liebig has thrown out a suggestion that the iron 
which exists in the coloring matter of the disks, and which 
is found nowhere else in the human body, has for its special 
office to carry oxygen and carbonic acid. He supposes the 
iron when it arrives at the lungs to be in the condition of a 
protoxide, but to be rapidly converted into a peroxide by 
the absorbed oxygen. In this state it is distributed to the 
cai^illaries of the system, where, coming in contact with the 
tissues which have a higher affinity for its oxygen, it yields 
it up, and is reduced to the condition of % protoxide. It 
then imites with carbonic acid, forming the protocarbonate 
of iron, and returns through the venous channels to the 
lungs, where its carbonic acid is discharged into the air, 
when it is agsun freighted with oxygen, to continue the round 
perpetually. This hypothesis is plausible, but is not yet 
accepted as a physiological fact. 



In what part of the body are these sabstaoces formed ? What la said of the aya* 
lemiecapillariet? 

With what does the abaoibed ojgrgen combine ? What oflloes does 
Wbute to the iron of the blood? 
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Bio. TJte Change of the Blood is Chemical,— Tb&i the 
change of the venous blood effected in the longs is of a 
purely chemical nature, is shown by the fact that the same 
changes will take place when it is exposed to the air out of 
the body, even through the medium of a thick membrane, 
such as a bladder. In this experiment, the surface of the 
blood only is changed, as the air has no access to the interior 
of the mass ; but in the lungs, as it flows through a multi- 
tude of little vessels so minute as to admit but one tier of 
disks, and as these vessels are scattered over a vast surface, 
a large quantity of blood is readily and completely jacted 
upon. 

671. Again, that the changes of the blood are entirely of 
a chemical nature and dependent upon chemical causes, is 
shown by the effect of excessive chemical action. When an 
animal which has been killed by the respiration of pure oxy- 
gen (81) is examined after death, the blood in the veins is 
found to have the same florid color as in the arteries. 

672. Hate of this Chemical Action, — The activity with 
which the respiratory process in man is carried forward, and 
the changes im'pressed both upon the air and the blood, b 
very surprising In a healthy adult man the pulsati<»is 
number, upon %d. average, 76 in a minute, and physiologists 
are very generally agreed that two ounces of blood are driven 
by each contraction (pulsation) from the heart to the lungs, 
or 9 lbs. 6 oz. in a minute. The quantity of blood in the 
entire system is estimated by the best authorities to be about 
one-fifth the weight of the entire body, or 28 pounds in a 
person weighing 140 pounds. All the blood in the body 
will, therefore, flow through the lungs in the short period of 



Wbat are the prooft that the changes occurring in the blood are purely chemical f 

What is the number of pulsations in a minute in a health j adult man? How 

much blood is driven from the heart to th<) lungs in the same time. What is the 



OXIDATION IN THE ANIMAL SYSTEM. 299 

three minutes, or the prodigious amount of 13,500 pounds 
every 24 hours. As to the quantity of air taken into the 
lungs by respiration experimenters are less perfectly agreed, 
probably on account of the extreme variation to which it is 
liable in different circumstances, Coathupe fixes the aver- 
age number of inspirations at 20 in the minute, and the 
average bulk of each inspiration at 16 cubic inches, -which 
gives 266 cubic feet in 24 hours, but this is considered too 
low. Valentin estimates it at 398^ cubic feet per day (about 
2500 gallons), and Agassiz as high as 700 cubic feet. 

573. The Gfreat Event of the Ardmal Economy, — ^From 
what has been seen of the properties of oxygen, we shall be 
prepared to conclude that the introduction of this remark- 
able body into the animal system by means of special con- 
trivances, which serve to diffuse it in the most rapid manner 
to all parts of the organization, is an affair of the utmost 
import in its connection with the phenomena of animal life. 
The elements of which the organism is chiefly composed are 
those for which this gas has the most powerful affinity. It 
enters the system in a free state, it leaves it in a state of 
combmation; oxidation has therefore occurred withm, and 
we are to find that this is the fundamental and characteristic 
process in the animal economy. 

SOURCE OF ANIMAL HEAT. 

574. The stiffening, benumbing, stupefying, and fatal 
effects of cold upon the Uving body, are well known. The 
performance of the vital functions requires a certain degree 



estimated amoant of blood in the entire qrstem ? According to this estimate what 
amount or blood passes through the lungs in 24 hours? What estimates of the 
amount of air inspired are given ? 
What 19 said of the introduction of oxygen into the system ? 
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ci heaiL, and this amount, which varies in different animalib 
is generated within the system. The temperature of the 
human body in a state of health, and in all climates, is con^ 
Btantly maintained at 98°. The extreme variaticHis from 
this point are in scarlet fever and locked-jaw, when it has 
been known to run up to 110^°, and Asiatic cholera and 
asthma, in which it has sunk to 20° below the healthy 
standard. The source of this heat is the chemical union of 
carbon and hydrogen with oxygen, a true combustion which 
goes on in the capillary system, and which is supplied on the 
one hand with fuel from the food which is eaten, and on the 
other with oxygen which is furnished by respiration. The 
use of the non-nitrogenized principles of food may now be 
perfectly imderstood ; they are destined to be consumed by 
respiration — ^to be burnt in the capillary furnace of the system 
for the production of animal heat. The starch, sugar, gum, 
and oily substances contained in food, whatever intermediate 
changes they may undergo, are finally converted into carbonic 
acid and water by oxidation ; and in whatever manner the 
combination takes place, heat must be developed. 

575. Conditions of its Development — ^The heat of the an- 
imal body being due to the chemical union of oxygen with 
the elements of food, it follows that the amount of heat pro- 
duced must be in proportion to the amount of chemical ac- 
tion, and this depends upon two conditions : first, the quan- 
tity of oxygen supplied by respiration; and second, the 
quantity of carbon and hydrogen furnished in the food. In 
other words, the heat of the himian body having the same 

What is the constant, healthy temperature of the human body T What eztrema 
farieiions are mentioned? What is the source of this heat? What purpose do 
fho uon^itrogenized principles of food serve in the system T What are th^ afl 
Ultimately^ couTerted into ? 

Upon what two conditions does the beat of flie animal body depend? How 
Umb may it be reguiatod? 
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■ouroe as tbat of a furnace, may be regulated in two wajs-^ 
dther by controlling the draught of air or the supply of fuel. 
576. JSfect of the Bate of Bespiration, — ^The amount of 
heat generated in an animal is strictly related to its rate of 
respiration, and the amount of oxygen it absorbs. In reptiles 
and fishes, the structure of the respiratory organs (559, 564) 
is such that .but a small proportion of oxygen is taken into 
the system ; the quantity of heat which this produces is there- 
fore small ; their temperature rises and falls with that of the 
surrounding medium, and is never but a little above it ; they 
are hence called cold-blooded animals. On the contrary, the 
respiratory mechanism of birds is on a most perfect plan : it 
works rapidly, and their temperature is consequently main* 
tained at a high point, 100° to 112°. Infants breathe more 
rapidly than adults, and the temperature of their bodies is 
several degrees higher. But the most striking illustration of 
the control of the respiration over the bodily heat is seen in 
the case of those animals which pass the winter season in a 
state of profound sleep or torpor {hybernation). In this condi- 
tion the breathing becomes very slow, the imperfectly oxygen- 
ated blood flows sluggishly through the heart, and the heat 
of the animal falls, it may be, almost to the freezing point. 
The animal becomes motionless, cold, and senseless, and " its 
entry into Death's chamber is prevented only by its being 
brought to his very door." The marmot in summer is a 
warm-blooded animal, but as it passes into hybernation the 
number of respirations falls from 500 to 14 in an hour, the 
pulse at the same time sinking from 150 to 15 per minute. 
Small as is the amount of oxygen which thus enters the sys- 



What is said of the respiration of reptiles and flahos? Why vn they odd 
blooded ? How does the respiration and temperature of birds diO^r (Hm t^eset 
Why is the temperatiire of infants aboYO that of adults ? What is the cooditioB ol 
■niinaliiDastateofhyberiMtiMY GiTeanaooov-tofthesiarmot 
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tern, it must be neutralized, and the animal accordingly, be- 
fore entering into winter-quarters, lays up a copious supply 
ci respiratory food in its tissues in the form of fat, which 
slowly combines with the oxygen/ producing a small amount 
of heat, and protecting the vital structure from being de- 
stroyed. These animals are consequently observed to come 
forth in the spring in a very lean condition. 

677. Influence of different Kinds cf Food in producing 
Heat, — The influence of food (fuel) in modifying animal' 
temperature is admirably exhibited in the provision made 
by nature for obtaining a uniform degree of he&t in men of 
all climates. In tropical countries, where the temperature 
of the siuTounding air rises nearly, or quite to blood-heat 
(98°), it is obvious that the body will receive caloric, or be 
heated from without to nearly the full extent of its require- 
ment, and therefore have little need for generating it within. 
But in the polar regions, where the prevailing temperature is 
100°, or often 150° lower, a powerful demand is necessarily 
made upon the heat-producmg process. Accordingly, we 
find that the food, under these circumstances, is adapted to 
the wants of the case. Where little heat is to be disen- 
gaged, the amount of carbon and hydrogen in the food is in 
a correspondingly small proportion; when the calorifying 
energy of the system is to be powerfully taxed, they con- 
stitute the chief element of diet. The inhabitant of the 
tropic, with a high external temperature, finds ample suste-. 
nance in fr^sh vegetables and fruits, which contain, according 
to Liebig, no more than 12 per cent, of carbon; whOe, on 
the other hand, the residents of the arctic regions, subjected 
to intense coW, live habitually upon train-oil and other fatty 
substances, which consist almost entirely of hydrogen and 

Why is there little need for generating heat within the body in tropical dimateeY 
Why ia it highly neoesaaiy in the polar rogious? How does the food of the Lap* 
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cai'bon. The West Indian disrelishes food which is rich in 
grease; and while the Laplander would dine comfortably 
upon tallow candles, he would be but ill satisfied with a 
meal of oranges or pineapples. To bum so large a propor- 
ibn of combustible material, more oxygen is introduced into 
the lungs in frigid climates, in consequence of the greater 
condensation of the air by cold, while, at the same time, the 
respiration is greatly quickened by the greater amount of 
muscular exercise (584) which must be put forth to secure 
a supply of food. 

678. Qtumtitj/ of Carbon consumed. — The quantity of 
carbon burned in the system of an adult man daily, in a 
temperate climate, has been yariously estimated, but is prob- 
ably about 10 oz. ; seven of which are supposed to escape as 
carbonic acid, through the lungs, and three through the skin, 
which is also charged in a limited degree with the function 
of excreting carbon from the system. According to the ex- 
periments which have been made, the heat produced by the 
oxidation of this amount of carbon is less than the quantity 
generated within the body. But it must be remarked that 
much hydrogen, as well as sulphur and phosphorus, are also 
oxidized with the evolution of heat, while the results of ex- 
periments upon the living body to determine this point, from 
their extreme liability to error, must be received with caution. 

5*79. Nervous Agency, — It has been assumed that vital 
heat is to be ascribed not to chemical, but to nervous agency; 
but this idea seems to be clearly set aside by obsendng what 
takes place in plants. There are two marked periods in the 

lander differ from that of the West Indian ? Why is it that tk» arctic inhabi kmt 
consumes more oxygen than those living in milder climates? 

What quantity of carbon is estimated to be burned daily in the system of an 
■dolt man? Through what organs does its products pass from the system? What 
other substances are also burned to produce heat ? 

To what other cause has the producti(»i of animal heat been ascribed? How *'* 
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life of a pknt, in which it exercises the heat-erolving fancUon, 
and becomes independent of surronnding temperature. In 
the germination of seeds, as we have seen (320), there is a 
development of heat, and the same thing occurs during the 
act of flowering. Thus a thermometer, placed in a bunch <^ 
flowers of the Arum, rose to 121^, when the temperatuj*e of 
the air was but 66^. Now in both these cases there is an 
absorption of oxygen, which unites with the sugar of the 
flower and the oil of the seed, and a liberation of carbonio 
acid in exact proportion ; and that the heat is simply due to 
oxidation, is proved by the fact that, if the presence of oxygen 
is prevented, no heat is evolved ; whereas if pure oxygen gas 
is employed, the hberation of heat is more rapid than usual. 
The efifect, in this case, cannot be due to nervous action, for 
plants have no nervous system. The production of heat in 
the animal body is under the control of the nervous system, 
probably in the same manner that the fire which drives a 
steam-engine is under the control of the stoker or fireman ; 
but he certainly cannot be considered as the source of the 
fire — ^as producing the heat — ^but only as its regulator; he 
may extinguish the fire, or increase it, and in the same man« 
ner the nervous system influences animal heat. 

580. Animal Temperature regulated by Evaporation, — ^It 
has been stated that the temperature in man, except in cases 
(^ disease, never rises higher than about 98^ F. It is kepf 
down to this point by the cooling efifect of evaporation, which 
takes place from the suif ace of the skin. This organ is pen* 
etrated by a vast number of minute tubes (about 700 inches 
of tubing to each square inch of skin-surface), by which wa- 

this shown to he erroneous? At what two periods is heat eyolyed hy plants f 
What chemical changes occur ? How is it proved that the heat is doe to ozid» 
lion ? Why can it not be ascribed to nervous agency? In what sense vaa^ tht 
pfoductlon of heat in the body be controlled by the nervous system? 
By what means is the heat of the system kept down to 960? How ii tbo dda 
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ter (perspiration) is poured out and evaporated, thus carrying 
away the surplus heat from the body. The amount of fluid 
which escapes from the skin, as insensible perspiration, is 
estimated at 11 grains, and that from the lungs seven grains 
pei minute. The power which men have exhibited of en- 
during excessive heat, for a short time, is due to the increased 
activity of surface-evaporation. 

681. Offiix of the Liver, — ^If more respiratory food is taken 
into the system than is consumed by respiration or deposited 
as fat, it is separated from the blood by the liver. A special 
channel {jportal circulation) carries the venous blood through 
this organ, where its surplus hydro-carbon {fatty matter, 
hUe) is strained out. If too much work is thrown upon the 
liver it becomes disordered, and the substances which it 
should draw ofif accumulate in the blood, producing various 
symptoms, generally known as bilious. This is quite liable 
to happen in warm climates, when the elevation of the ex- 
ternal temperature, combined with the want of sufficient ex- 
ercise to stimulate respiration, leaves the non-nitrogenized 
elements of food unconsumed in the system. A similar disor- 
dered condition of the liver sometimes results from a diseased 
state of the lungs, by which they are rendered incapable of 
furnishing the duetamount of oxygen for the combustion of 
the respiratory food. The office of both lungs and liv^r is 
to relieve the blood of excessive carbon : their functions are 
thus complementary ; that is, when the action of one increases, 
the other diminishes. It is observed that, throughout the 
whole animal series, the development and activity of the res- 
piratory organs stands in an inverse proportion to that of the 



adapted for this process ? What is the amount of insensible perspiration f How 
liave men been enabled to endure excessive heat for a short time ? 

What is the office of the liver ? How are bilious symptoms produced ? Where 
ve they the most frequent ? What other cause sometlmeB produoet disease of 
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liyer. Thus the respiratory system of insects is veiy exlei^ 
siye, while the Hver is so small that for a long time it was 
not recognized as such. In birds and mammalia also, which 
breathe by lungs, the size of the hver is much less in pro- 
portion to that of the body than in reptiles and fishes, whose 
respiration is feeble. In the lower aquatic animals, in which 
respiration is least perfect, the liver is developed to an enor- 
mous size, often making up a large part of the bulk of the 
body. 

SOURCE OF ANIMAL POWER. 

582. It depends upon Oxidation, — As the existence of 
heat in animals has been shown to depend upon respiration, 
and its quantity upon the activity of that process ; so we^are 
now to find that animal power or muscular force has precisely 
the same source, and that the degree of its manifestation 
depends also upon the rate at which oxygen is introduced 
into the system. It is now, however, the solid muscular 
tissues which are oxidized, instead of the respiratory food. 
The body can exert no power, perform no act, produce no 
motiop, but at the cost of a portion of the muscular system 
by which these efforts are manifested. The power of a mus- 
cle to contract, and thus exercise force, originates only in the 
vrocess of its own destruction, in the separation and loss of 
its constituent particles, which pass from the organized to 
the inorganic state by the act of oxidation. This combination 
of oxygen with the muscular tissues, for the production of 
force, wo shall also find to be an additional source of animal 
heat. 

583. Power of Exertion sustained hy the Hespiration of 

dc liver ? In what relaUon do the lungs and liTer stand in regard to each tXtJa'i 
State some examples of this. 
In what does mnscoiar power <Higinate ? 
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Oxygen. — ^Eyeryone must have observed that active exercise 
produces rapid breathing. When the body is in a state of 
complete repose, as in sound sleep, the respirations are slow- 
est ; by moderate exertion they become more frequent, and 
violent effort, as in running, produces panting, or a quick 
succession of inspurations and expiratbns. That it is the 
oxygen in this case, which, by acting upon the system, sus- 
tains its power of exertion, is proved by the experience of 
those who have ascended high mountains. When they have 
attained such a height that the atmosphere becomes consid- 
erably rarefied, there is less oxygen taken into the system by 
the same nimiber of inspirations than under ordinary circum- 
stances. The result is, that they are fatigued by the slight- 
est effort. 

584. Examples. — ^The amount of oxygen which different 
classes of animals respire determines their energy or activity. 
We find, for example, that in birds and insects whose res- 
piration is the highest, the muscular power is greater in 
proportion to their size than in any other animals, while in 
cold-blooded reptiles and fishes it is in a very great degree 
inferior : thus it has been ascertained that a butterfly, not- . 
withstanding its comparatively diminutive size, consumes more 
oxygen than a toad. In those birds which are ever upon the 
wing, as swallows and eagles, the respiration is most active, 
their temperature rismg to 1 1 2"^ F. ; while in those birds which 
rarely fly it stands at 100® F. Insects, when in a state of rest, 
are cold-blooded; then: respiration being feeble, and their 
temperature rising and falling with that of the surrounding 
ur : but when in motion they are very active, consimie much - 

Upon what does the rapidfty of breathing depend ? How is it shown to be the 
action Qi oxygen which enables the qrstem to sustain exertion ? 

What is said of bbxls? Of reptiles? How does the consumption of oxygen fai 
s batterfly compare with that in a toad? How does the temperaturo cf inaecli 
fvyt Giro the example of the homble-bee. Of the niining-beea. 
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oxygen, and generate a proportionate amount of heat. Thui 
a humble-bee was fomid to consume more oxygen, and pro* 
duce more carbonic acid in a single hour a^r its capture^ 
during which its body was in constant action, than in the 
whole succeeding twenty-four hours, when it was at rest. 
Another, in a state of violent excitement, communicated to 
three cubic inches of air 4^ of heat in five minutes, its 
own temperature being raised 1° in the same time. The 
" nursing-bees" of the hive maintain the temperature neces- 
sary for hatching the larvae by means of an incessant motion 
. of their limbs, by which quickened respiration is induced, 
and consequently heat ; while they are seen crowding upon 
the cells, and clinging to them, for the purpose of communi- 
cating to them their warmth. 

585. Case of Camivorov^ Animals, — ^Animals which feed 
upon vegetation constantly consume the respiratory elements 
of their food, and lay up chiefly the nitrogenized portions 
m their tissues. In consuming their flesh, therefore, the car- 
nivorous animals find a deficiency of respiratory food, and 
must depend for the maintenance of their he^ upon the car- 
bon and hydrogen set free from their muscular system by 
exercise. This necessity compels them to increasing activity, 
as is well illustrated by the restlessness of the tigers and hy- 
enas seen at menageries, which keep moving instinctively 
from side to side of their narrow cages. By this means there 
is a constant and sufficient waste of the muscular tissue to 
support the respiratory process. 

586. Necessity of Sleep, — ^As the waste or oxidation of 
the tissues corresponds with their exercise, so, if they are 
kept in a healthy or natural state, the^r nutrition or renova- 

Why baye carniTorons aniiiials a d^denqf of respiratory food ? How ii Ihdr 
nta] beat sustained ? What example bave we of their constant actiTi^ ? 
If tbe tiSBoes of the animal are to be kept in a healthy state* wbttt eonlitiQB ii 



IS^IOESSITY OF SLEEP. 809 

tkm iiidst in like maimer correspond to their wdste, or, in 
other words, the quantity of food eaten must, as everybody 
knows, be in proportion to the amount of exertion performed 
or of foroe expended. In the involuntary muscles, as those 
of the htart, which are constantly in play, the repair is as 
eonstant as the waste, and they are perpetually preserved 
in working order. But in the voluntary muscles, those which 
are controlled by the will and exercised in all kinds of labor, 
the exact balance between the nutritive and.destructive op- 
erations is not maintained ; waste exceeds supply, the mus- 
cular parts fail in power, and they must periodically cease ' 
their activity, that the waste matters may be replaced, and 
the nutritive operations recover their equiUbrium. This pe- 
riodical rest is afforded by sleep. 

587. Why the Demand for Sleep is not Uniform. — ^In in- 
£ancy, the nutritive process is more active than that of waste, 
and the body increases in mass, or grows. Accordingly, 
infants sleep much the largest share of the time. In adult 
manhood, waste and supply are equal, the sleep being just 
sufficient to recruit the loss of strength. But in old age 
the destructive process predominates over that of nutrition, 
the body wastes away, and but a small amount of sleep is 
required to effect the imperfect renewal, of which the failing 
tissues are only capable. The decay and decline of the aged 
results from imchecked oxidation going on throughout the 
system, the activity of the nutritive process not being suffi- 
cient to counteract the destructive agency of oxygen. 

688. JSIstimate of Human Force, — ^The muscular force 
which may be exerted by a healthy adult man is estimated. 



' T How is it with the inyoluntaiy masdes ? With the yolontaiy musdeft ? 
flow is the equilibrium restored ? 

Why do infimts sleep nuNre than adults? Why does the time required for sleep 
bjadnUi and aged people dUEnr? What eanaes the decline of the aged ? 
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in mecbamcs, as equal to moving one-fifth of his own weight 
with a velocity of 2 J feet per second, during eight hours of 
the day. Thus, if the weight of a man be 150 lbs., he is 
capable of carrying 30 lbs. a distance of 72,000 feet in eight 
hours, or of exerting a force equal to this in other directions. 
For the production of this force, there is consumed by oxi- 
dation a certain definite amount of muscular tissue, and this 
must be restored again if the same effect is to be produced 
on the succeeding day. Liebig states that this restoration 
is accomplished and the waste matter renewed in seven 
hours' sleep. 

689. The Art of Fattening Animals consists in placing 
them in certain conditions in which the power of nutrition^ 
or the formative process, most completely prevails in the 
system. All causes which tend to depress the action of the 
destructive force, and exalt the nutritive or constructive force, 
favor the increase of the bulk of the animal. Animals, to 
fatten most rapidly, should be kept at an elevated tempera- 
ture, so as to consume as httle food as possible in the pro- 
duction of internal heat. They should also be maintained 
in complete repose, and not disturbed or excited in any. way, 
in order to prevent the waste consequent upon muscular ac- 
tion. This state is most favored by darkness. Oily or 
starchy foods contribute to the formation of fat, and nitro- 
genized substances to the development of muscle or lean 
meat. 



W^at is the estimated force of a healthy adult man ? Example. Hov much 
ileep is required to restore the waste produced by this expenditure ? 

In what does the art of fattening animals consist ? What course shoukL be piu* 
Good with toch animals? What foods form fiit ? What fbodsprodooe muscle t 
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WASTE OF MATTER A CONDITION OF MENTAL EX- 

ERCISE. 

690. The nervous system, through which mental manifesta- 
tions take place, participates with the muscular, in the prop- 
erty of being wasted or disintegrated by exercise. As all 
movement in the body occurs through the death of living mus- 
cular matter, so it seems to be established that menial opera- 
turns can take place only by means' of like changes impressed 
upon nervous substance. £y this it is not meant that intel- 
lectual operations arise in material changes, but only that 
the material instnunents which the mind employs for its 
manifestation are governed by the same general law of waste 
and supply, which controls the other parts of the organization. 

691. This Waste depends upon Oxidation. — ^These changes 
depend upon the respiratory process, and consist in the oxi- 
dation of the nervous tissue. The amount of oxygenated 
blood which flows to the nerves is very large. The brain« 
although of but one-fortieth the weight of the body, is nev- 
ertheless estimated to receive one-sixth of all the blood 
which flows from the heart, the arteries being, in proportion 
to its bulk, more numerous and larger than those of any 
other organ. That the nervous energy, which is sustained 
by this excessive supply of blood, depends upon a process 
of destruction, rather than one of nutrition, appears from the 
fact that the state of activity cannot be long maintained in 
certain parts of it without an interval of repose, which we 
know is favorable to the reparative processes. When the 
mind has been long acting through its instrument, the brain, 
whether by continued and severe exercise of the intellect, or 

What is laid of the wear of the neiroos qrstem ? 

What proportion of the blood of the body flows to the brain ? How doei it ap> 
ptar that nenroiis energy it due to waste, and not to nutrition T 
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hj the excitement of the emotioDSy there is a oofrespondmg 
degree of waste ; and a prolonged season €li rest and mun- 
terrupted nutrition is required for the complete restoration 
of its powers. 

EXCKETIOy BY THE KWSEYS. 

592. Products of Nervous Waste. — The separation from 
the Idood, and expulaon from the system of those suh- 
stances which cannot remain without detriment, and which 
senre no purpose in the ammal economy, is termed the 
process of excretion. The peculiar products of muscular and 
nenrous decompositions are to he found in the renal excre- 
tions (urine), which pass from the system by the channel of 
the kidneys. The nenrous substance contains a large pro- 
portion of uncombined phosphorus (545), a substance which 
IS not found in any considerable quantity in the other tis- 
sues. By oxidation, this is converted into phosphoric acid, 
which unites with the alkalies, soda, and anmionia, and in 
this form passes out of the system in the liqtdd excretions. 
Now, it has been found that the amount of the alkaline 
phosphates contained in these excretions bears an imme- 
diate relation to the intensity and duration of mental exer- 
tion or emotive excitement. Any imusual strain or wear 
of mind is sure to be followed by an mcrease in the propor- 
tion of phosphates voided by the kidneys. 

593. Products of Muscular Waste, — When the muscu- 
lar tissues are broken up by oxidation, the large share of 
nitrogen which they contain combines with hydrogen, giving 
rise to ammonia. But as ammonia is a very caustic sub- 
stance, and if set free would irritate and inflame the delicate 
structures through which it is required to pass, it is united 

What i I to be understood by the process of excretion? What relation is aaid 
lo exist between mental exertion and secretion by the kidnqra ? 
What provision of nature exists for the remoyal of ammonia ftom Uie ^jilem? 
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with carbonic acid, which is fonned at the same time, bat 
not in sucli a way as to produce carbonate of anmionia, which 
would also be injuriously corrosive. Instead of this acrid 
salt, nature with admirable care produces an inert and per- 
fectly harmless compound, known as urea. The composition 
of this substance is C, H4 0, Ng, which, it is seen, would form 
carbonate of ammonia by the addition of two atoms of water. 
rhe same process of oxidation which gives birth to the elements 
of urea, also forms sulphuric acid (from the sulphur contained 
in the muscular tissues), which is neutralized by alkalies, and 
separated, together with urea, from the arterial blood by the 
kidneys. The amount of sulphates thus formed may be taken 
as a measure of the waste of the muscular tissues, and conse- 
quently of the degree to which they have been exercised. 

594. Nature of the Rerud Excretion. — ^The kidneys are 
devoted to the excretion of all those waste matters of the 
system which are soluble in water ; eleven-twelfths of the 
nitrogen is estimated to pass out by this route in the form 
of urea, together with most of the salts, both earthy and al- 
kaline, which have taken part in the vital processes. When 
more nitrogenized food is consumed than is required to sup- 
ply the waste of the tissues, the surplus is carried off by the 
kidneys, which are thus made to perform more than their 
proper duty, and often become diseased. About 7 per cent, 
of solid matters may be separated from the urine, 3 of which 
are urea. A very small proportion of an albuminous sub- 
stance is also present, which, when exposed to the air, 
speedily ferments and communicates its action to urea, 
which is changed to carbonate of ammonia by the addition 
of two atoms of water, giving rise to two atoms of the car- 
bonate from one of urea. The liquid excretions of animals, 



Of what do fhe renal excretions consist? VVby are tlieir prodnda sapposied (0 
be 707 awtoeabla In tlM growth ofplaota? 

27 
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unlike the solid (527), contain those substances which have 
actually served for the nutrition of the body ; they therefore 
represent the purely nutritive portions of food, and almost 
the whole of it that does not escape into the air in the form 
of gases.- It might therefore be supposed that they would 
DC eminently serviceable in promoting the growth of plants, 
by furnishing them in a soluble form the most important 
elements of their nutrition, and such is the fact. It is the 
interest of the farmer to prevent this source of fertihty from 
running to waste by every possible means, collecting it in 
tanks, and preventing the escape of its ammonia (127). 

EXCRETION BY THE LUNGS 

595. The lungs serve not only to introduce oxygen into 
the body, but what is of no less importance, to convey out 
of it carbonic acid, which is generated in proportion to the 
activity of respiration. The retention of any substances 
within the system which have fulfilled their purpose, and 
are ready to be rejected from it, is highly injurious, and a 
prompt source of disease. But so fatal is the influence of 
carbonic acid, and so rapid its formation, that if suffered 
to accimiulate, even for a few minutes, it puts a stop to all 
the vital processes. In cases of suspended respiration (as 
phyxia), death is undoubtedly produced by the joint effect 
of -want of oxygen and accumulation of carbonic acid ; but 
so potent are these combined causes that all muscular move- 
ment ceases in from three to five minutes, while.the circu- 
lation stops entirely within ten minutes. 

590. Natural Decay a Source of Carbonic Acid, — ^In 
addition to the sources of carbonic acid already mentioned, 

What la the eilbct of the retention of wom-ont BUbstances in'the qralem Y What 
la the cause of death in asphyxia? 
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namely, the direct combustion of respiratory food (574) and 
the waste of the tissues by exercise (584), another exists in 
that natural decay which is common to all organized sub- 
stances, living and dead. This source is especially active in 
many diseases ; as in putrid fevers, for example, which are 
accompanied by an increased tendency to decomposition, al- 
though the body remains completely at rest. In such cases 
carbonic acid is generated faster than it is set free by the 
lungs, and communicates to the blood a dark hue. To se- 
cure the excretion of this large amount of gaseous matter 
formed in the body, the lungs act upon simple physical 
principles (567), and are thus liable to less derangement 
than if their operations were purely vital. Their action is, 
however, liable to be impeded by certain conditions of the 
atmosphere, which will be hereafter noticed (607). 

NECESSITT OF VEJSTTILATIOlSr. 

697. We are now prepared to comprehend with some 
degree of clearness the vital nature of the relationship which 
animals sustain to the atmosphere. The temperature at 
which the living organization must be continually maintained, 
the physical power which enables a man to execute the de- 
cisions of his will, and the intellectual force by which he 
explores and controls the natural world, are all dependent 
upon the chemical action of oxygen, and in that exact pro- 
portion in which it is supplied by perfectly pure air. Of 
the two conditions of animal life, the supply of nutriment, 
and of oxygen to decompose it, the latter is rendered in the 
plan of-nature by far the most immediately and directly im- 

What other source of carbonic acid is mentioned ? In what cases is this 8onro« 
peeuliarly active ? 
What is said «r the relation between the powevs of the qratem and the eapptj 
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portant. A person requires food but once in seyeral hDurSj 
and may do without it for days, but if deprived of idr for as 
many minutes he perishes. Accordingly, while the supply 
d food is to b^ had only by forethought and with active in- 
dustry, and fails if these fail, on the other hand the supply 
of air is as boundless and omnipresent as its connection with 
life is intimate and indissoluble. 

698. The Supply of Air. — We dwell at the bottom of an 
immense ocean of air, which presses upcn all sides of ufi 
with the weight of tons. It accompanies us into all places, 
unless by special arrangements we contrive to bar it out 
All that the infinitely wise Creator can do he lias done to 
supply us with this first and highest of earthly necessities. 
The birds of the air, the beasts of the field, and even the 
savages of the forest in their open wigwams, enjoy the bless- 
ing in all its bounty and fulness. Civilized man alone cuts 
himself ofif from the beneficent, all-invigorating atmosphere, 
by retiring into air-tight chambers and using the same gases 
over and over again, as if they were a taxed commodity and 
he a miser. It is because the air is so abundant and all-per- 
vading, and therefore costs no exertion to obtain it, and also 
because it is an invisible and ethereal medium, and therefore 
not fitted to strike the senses like most other forms of matter, 
that its relations to animal life have been so recently deter- 
mined, and that so little attention is generally paid to a 
copious and healthful supply of it in the arrangement of 
dwellings. 

599. Effects of breathing Air artificially Condensed,^ 
The foregoing views of the connection established by the 

of pure air ? Which \a the flnt condition of animal life, the aapply of natriment or 
air t What is said of the means of supplying these wants ? 

What is remarlced concerning the abmidance of the supply of air f Wliaft 
are aaHgoed fiir the general neglect of this sut^Ject ? 
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Creator between the atmosphere and animal life have been 
admirably illustrated and confirmed by experiments, in which 
the amount of oxygen introduced into the lungs varied from 
the normal quantity. They deserve to be attentively con- 
sidered at this point of the subject. By means of a suitable 
apparatus, M. Junot subjected diflferent persons to the effects 
of a considerable variation of atmospheric pressure. " When 
a person is placed," says he, " in condensed air, he breathes 
with a new facility ; he feels as if the capacity of his lungs 
was enlarged ; his respirations become deeper and less fre- 
quent ; he experiences in the course of a short time an agree- 
able glow in the chest, as if the pulmonary cells were being 
dilated with an elastic spirit, while the whole frame receives 
at each inspiration fresh vital impulsion. The functions of 
the brain get excited, the imagination becomes vivid, and 
the ideas flow with a delightful facility ; digestion is ren- 
dered more active, as after gentle exercise in the air, because 
the secretory organs participate immediately in the increased 
energy of the arterial system, and there is therefore no 
thirst." 

60). An Interesting Experiment — Similar effects have 
been produced in a novel way, and on a much more extended 
scale, upon workmen employed in a coal mine in France. 
The seams of coal are situated under a stratum of quick- 
fiand, some twenty yards in thickness, which lay below the 
bed of the river Loire, and was connected with its waters ; 
they were therefore inaccessible by all the ordinary modes 
of mining previously practised. So insurmountable was thb 
obstacle regarded, that the coal bed, although known for 
centuries, had remained untouched. M. Triger, an able en- 
gineer, at length grappled with the difficulty by sinking a 

What eflbcts are produced upon the syrtem by breathing condensed air? 
Why could not the coal bed under the river Loire be worked? Bow wu ttM 
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shaft encased with sheet-iron cylitders or tubing riveted 
tightly together. The openings in the top to admit the 
miners were so contrived as to be closed perfectly air-tight, 
and into the cylinder air was driven, and sufficiently con- 
densed by a steam-engine and forcing-pumps to repel the 
water and quicksand at the bottom, and thus permit the 
miners, who were immersed in the condensed air, to proceed 
with the excavation. The pressure employed was that of 
three atmospheres, that is, the air was mada three times as 
dense as common air, and " it infused such energy into the 
miners that they could easily execute double the work with- 
out fatigue that they could do in the open air. Upon many 
of them the first sensations were psdnful, especially upon the 
ears and eyes, but ere long they got quite reconciled to the 
bracing element. Old asthmatic men became here effective 
operatives. Deaf persons recovered their hearing, whilst 
others were sensible to the slightest whisper — an effect due 
to the stronger pulses of the dense air upon the membrane 
of the drum of the ear. Much annoyance was at first ex- 
perienced from the rapid combustion of the candles, but thik 
was obviated by substituting flax for cotton thread in the 
wicks." — (Su^lement to Ure*s JDictionaTy.) The same in- 
crease of muscular energy is experienced by those who de- 
scend to considerable depths in diving-bells. 

601. Physiological Effects of breathing Rarefied Air.—'No^ 
when the quantity of ak received into the lungs is imduly dimin* 
ished — ^when a rarefied atmosphere, is breathed, either in a di- 
rect experiment or by those who have ascended in balloons to 
the higher regions of the atmosphere — ^we have an exactly op- 



difllculty met ? What was the condition of the air breathed by the miners ? What 
efTecta did it produce npon them ? How were the asthmatic aftbcted ? The deaf? 
Why irare the candles consumed more rapidly ? 
Whal iTrnptoms are produced upon those who breathe a rarefied air f 
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pooite train of symptoms to those described in the former cases. 
The breathing is difficult, feeble, frequent, and terminates in 
asthmatic paroxysms. There is headache, depression of the 
mind, confusion of ideas, drowsiness, want of muscular power, 
pains in the chest, and a tendency to fainting. The secretions 
are scanty, or totally suppressed, and all the powers of the 
individual become prostrated. Thus the bodily energies of 
man rise and fall in quick response to all the variatioLs which 
take place in the vital medium of respiration. 

602. Natural Variations in the Density of the Air, — It is 
convenient to divide the variations to which the breathing 
quality of the air is liable into two kmds, those which are 
bet/ond and those which are within man's immediate control. 
The natural causes which affect the density of the air, and 
consequently its physiological relations, are fluctuations of 
temperature and atmospheric pressure. Air is rarefied by 
heat, and condensed by cold ; we therefore take more oxygen 
into the limgs by the same number of respirations (full J- 
more, according to Liebig) in winter than in summer. This 
accounts in part for the lassitude experienced in hot weather, 
and in het, close rooms, and the bracing influence of cold. 
In like manner, the slight rarefication of the atmospheio 
indicated by a low state of the barometer is sufficient to oc- 
casion languor and imeasiness in persons of delicate nerves, 
while the opposite condition of increased pressure, corres- 
ponding to a high state of the barometer, has an invigorating 
effect upon both body and mind. These changes, although 
palpable in their consequences, yet take place within very 



How may the variations in the breathing qualities of air be divided ? What are 
the natural causes which effect the d^isity or the air ? How much more oxygen 
is breathed in winter than in summer? What connection has this with the state 
of the body ? What relation exists between the height of the barometer and th« 
iiODdition (tf body and mind? 
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narrow limits, and as far as they extend, are by no means of 
the worst character, as we shall presently ascertmn. 

603. Tlie Air without and within Doors. — ^The volume of 
the atma<;phere is so vast that its composition is not sensibly 
disturbed by the breathing of animals; the proportion of 
oxygen remains imchanged if respiration is performed in the 
open air, while the carbonic acid expired, instead of accumu- 
lating about the individual, is dissolved away by the great 
law of gaseous diffusion (136). But when a person enters a 
house or an apartment, surrounded on all sides by solid walls, 
impenetrable to mr, the case is totally changed ; the immense 
expanse of the atmosphere is suddenly reduced to the dimen- 
sions of a few hundred cubic feet : the alteraticms now pro- 
duced by breathing are rapidly communicated to the whole 
mass of air, and the person occupies towards it an entirely 
new relation; one, however, over which he has absolute 
control. 

604. Oxygen removed from the Air hy Breathing. — The 
first effiect of respiration upon the air is the withdrawal of its 
oxygen ; and as the proportion of this life-sustaining element 
decreases, the bodily powers become less and less active, 
simply from want of their proper stimulus. The natural 
proportion of oxygen in pure ah- being adapted to the most 
perfect performance of the animal machinery, a reduction in 
this amount, however slight, must be attended by a corres- 
ponding depression of the vital energies. We have seen 
enough of what takes place within the bodily organism *to 
understand that the condition of health depends upon the 
harmonious and balanced play of opposing forces. If the 
equilibrium of these forces is disturbed, the vital machine 

What eflbct does the breathing of animate produce upon the air oul of docnt 
How is the caao changed upon entering an apartment? 
What is the first effect of reqtiratioD upon this air? Upon what does hoaltk 
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goes wrong: it is in an unnatural — ^a diseased state. A 
slight diminution in the proportion of respired oxygen does 
not produce any immediate or palpable malady, but it ccr- 
tamly disorders the natural, healthful operations of the sys- 
tem, to a greater or less extent, and thus lays it open to the 
assaults of disease. It undoubtedly prepares the soil, and 
sows the seed, which, in due time, springs up into that luxu- 
riant harvest of ailments and complaints which is reaped hj 
the victims of modem refinement and civilization. 

605. Breathing charges the Air with Carbonic Acid. — But 
it is not alone deficiency of oxygen which renders air irrespir- 
able, the presence of an undue quantity of carbonic acid 
(172) Ls a still more potent cause of mischief. It has been 
shown by experiment that an animal may be kept alive in a 
limited quantity of air, imtil a very considerable exhaustion 
of oxygen takes place, provided the carbonic acid be removed 
as fast as it is foimed ; but if it is suffered to accumulate, 
death ensues much more speedily. In confirmation of the 
general statement, made in the preceding paragraph, it has 
been foimd that the baneful eflfects of carbonic acid upon the 
system increase with the deficiency of oxygen. From exper- 
iments upon inferior animals, it has been concluded that thre^ 
per cent, of carbonic acid, if formed from the oxygen of the 
air, would prove fatal to man, while, with the natural quantity 
of oxygen, twice, or even thrice the proportion of carbonic 
acid might not produce death. The proportion of carbonic 
acid in expired air is from four to eight per cent. ; and it is 
assumed by different experimenters, that this, together with 



depend T Wb at is said of the effisct of breathing a dighUy diminished proportion of 
oxygen? 

What circomstance has a still more pernicious eflfect than a diminished quantity 
of oxygen ? What has been learned fh)m experiments upon inferior animals ? M 
What rate does the carbonic acid, trom breathing, contaminate the air} 
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ibe other exhalations of the body, contammate from, se^en to 
10 cubic feet of air per minute. 

606. Experiments. — ^Air that has been once breathed will 
not sustain combustion. To illustrate this, take a stoppered 
bell- jar or bottle with an orifice in its bottom ; place the 
empty bottle in a shallow pan of water, empty the lungs by 
A deep expiration, apply the mouth closely to the top of the 
bottle or jar, and draw the air which it contains into the 
lungs ; the water will rise and fill the bottle. After a mo- 
ment or two, breathe the air back again into the bottle, and 
close it with a stopper as soon as the lips leave it. If now 
a lighted taper or candle is introduced into the bottle by 
removing the stopper, it will go out as quickly as if im- 
mersed in water. 

607. Other Evils of Impure Air, — ^The excretion of car- 
bonic acid from the lungs is less complete in proportion as 
the external air if already charged with this gas ; and in 
like manner, as the amount of oxygen in the inspired air 
diminishes, it exhibits less and less tendency to diffuse through 
the cell membrane into the blood. Watery vapor, too, 
which is excreted both by the lungs and skin, evaporates 
Sluggishly \f. the air is loaded with moisture, so that the 
moment the normal constitution of the air is disturbed, there 
arises a tendency in the air itself to augment the evil. Not 
only is there an excess of carbonic acid in the air, which is 
injurious to the system, but it operates to prevent the es- 
cape of what is constantly produced. Not only is there a 
deficiency of oxygen in the inhaled air, but what there is, 
enters the body, as it were, with reluctance. 

008. Want of Ventilation in Schools and Churches, — 



What experiment proyes that air once breathed will not sustain combostioii 7 
What is the effect of vitiated air upon the excretion of the lungs and the inbal» 
Hon of oxygen? 
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The stupefying, depressmg effect of the black venous blood 
poured through the brain is, unhappily, most apparent where 
there is expected to be the highest degree of mental activ- 
ity. Churches, public assembly-rooms, and schools are 
but rarely provided with due means of ventilation, by which 
a constant supply of pure air may be maintained ; and the 
inattention, languor, dulness, and sleepmess of both audit- 
ors and pupils are but the natural and inevitable conse- 
quences of taking into the system a vitiated and poisonous 
atmosphere. It would be wise for preachers who are an- 
noyed with drowsy congregations, and teachers who are 
afflicted with pupils of dull and stupid intellect, to inquire 
how far the stimulus of pure air might be advantageously 
substituted for scolding in the one case, and'fiog^g in the 
other. 

609. Other Beasons for preferring Pure Air. — ^To those 
inducements to thorough ventilation which spring from its 
relation to health, ought to be added an abhorrence of the 
very idea of drinking into our systems, over and over again, 
the foul and disgusting emanations of putrescence and dis- 
ease, which often load the air in crowded rooms. To a mind 
really refined, there is little pleasure in the reflection, that 
each breath mhaled has made the tour of a large assembly, 
forming an acqumntance with every rotten tooth and ulcer- 
ated lung that it contains. " We instinctively shun the ap- 
proach of the dirty, the squalid, and the diseased, and use 
no garment that may have been worn by another. We open 
sewers for matters that offend the sight or the smell and 



To what is the longaor and drowsiness of schools and churches attribatedf 
What remedy is proposed ? . 

What other reasons are given for preferring pure air? What is said to b« 
opposed to real refinement Of mind ? How is the inconsisieiiey of oar hablii 
shown ? 
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contaminate the air ; we carefully remove impurities from 
what we eat and drink, filter turbid water, and fastidiously 
avoid drinking from a cup that may have been pressed to 
the lips of a friend. On the other hand, we resort to places 
of assembly, and draw into our mouths air loaded with 
eflQuvia from the lungs, skin, and clothing of every individ- 
ual in the promiscuous crowd — exhalations offensive, to a 
certain extent, from the most healthy individuals ; but when 
arising from a living mass of skin and limgs in all stages of 
evaporation, disease, and putridity — prevented by the walls 
and ceiling from escaping — they are, when thus concentrated, 
in the highest degree deleterious and loathsome." — (Biman.) 

ACTION OlP POISONS UPON THE LIVING SYSTEM. 

610. The substances introduced into the animal organism 
are generally of three kinds. The first are those whose 
properties are of such a nature that they yield to the vital 
action of the system, and are changed or digested by it : 
these are nutrient substances or foods. The second are 
those which do not yield in this manner, but possess an ac- 
tion of their own upon the system, in a limited way, resist- 
in? the vital force so as for a time to turn its action into 

o 

new channels: these substances are known as medicines, 
A third class of bodies are of a nature to overcome the vital 
force and destroy the organism : these are termed poisons. 

611. Effect of Malignant Poisons, — The most common 
action of poisons is that in which they unite directly with 
the membranes and tissues of the organization, forming new 
chemical compounds, in which the functions may be im- 
paired, or the part perhaps killed. We have constantly 

Bow are the substances introduced into the animal sjrstem divided? What ara 
Dutrient substances ? What are medicines ? ViTbat are poisoDS ? 
Vinbat ia the nature of the action of malignant poisons ? How is itlhown f 
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seen that decay, mutation, tendency to change, is the essen* 
tial condition of life. Now, the malignant poisons act by 
combining with parts of the living structure, and forming 
compounds that are fixed — that do not decay, and thus pro- 
duce death. This is shown by the fact that the parts upon 
which the poison acts do not undergo change after death, 
when the remainder of the body passes gradually into de- 
composition. 

612. Examples, — Thus corrosive sublimate and common 
arsenic, for example, are both in extensive use in the arts as 
antiseptics — ^that is, to preserve organic substances by form- 
ing with them chemical compounds of a very stable nature. 
In the animal bodv their behavior is the same ; they imite 
with the tissues, aad thus destroy them. Antidotes, to be 
effective against these substances, must be admmistered with 
sufficient promptness to neutralize them before they shall 
have taken full effect upon the organization ; in such case 
the poisonous action being confined to the surface of an or- 
gan, the part destroyed is thrown off. The poisonous ac- 
tion of miasms (135), by which ague, influenza, cholera, <fec., 
are engendered, is supposed to affect the blood upon the 
principle of the action of ferments (379). 

PHYSIOLOGICAL ACTION OF ALCOHOL. 

613. Its Substitution for Water, — ^The essential and all- 
important office performed by water in the living organism 
has been repeatedly noticed (106, 495). Indeed, so com- 
pletely is its action interwoven with all the processes of or- 
ganic life, that the nature and functions of living beings must 

For what are corrosive sublimate and arsenic used in the arts? What is said 
about administering antidotes ? How are miasms which engender ague, &Ci, lup 
posed to act? 

What is said of the importance of water to the animal ? Cuk any other liquid IM 
nbstituted ft>r it t Does alcohol resemble water in its actkm t 
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be kx)ked upon as in all respects adapted and confonned to 
its properties. The body consists of three-fourths water and 
but one-fourth solid matter ; and all the rapid changes which 
mcessantly transpire within it are carried on by the agency 
of the aqueous medium. The attempt to substitute any 
other liquid with different properties for water, in conducting 
the natural and healthy operations of the living organism, 
must hence be looked upon as a doubtful, if not indeed a 
perilous experiment. The action of alcohol within the sys- 
tem is in no respect analogous to that of water ; it is a dis- 
turber of the healthy functions, a disorganizer of the structure, 
and must therefore be ranked among medicines and poisons. 
614. Effect of Alcohol upon the Tissues, — ^The chemical 
composition of alcohol (380) is such as to forbid the idea of 
its ever being transformed into the animal tissues. There is 
no evidence whatever that, under any circumstances, it is 
capable of serving for animal nutrition. Nevertheless, it has 
a specific and peculiar action upon the tissues which is due 
to its powerful affinity for water (381). "If animal mem- 
branes, a mass of flesh or coagulated fibrine, be placed in 
alcohol, in a fresh state (in which they are thoroughly 
charged with water), there are formed at all points whe^e 
water and alcohol meet, mixtures of the two ; and as the 
animal texture absorbs much less of an alcoholic mixture 
than of pure water, a larger amount of water is of coiurse 
' expelled than of alcohol taken up, and the first result Ls a 
shrinking of the animal substance."* Experiments made by 
Liebig show that for one volume of alcohol taken up by a 
membrane, rather more than three volumes of water have 

* Dr. Carpenter on the Ubo and Abuse of Alcoholic Liqnonk 

if alcohol a nutritive substance? What is the first effect of alcohol upon ani 
Dial tissues ? W^hat was the result of the experiments' of Liebig ? Of Or. Pcicy f 
What musi be the effect of this? 
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been expelled from it. That the tissues are acted upon 
within the body the same as without it, is proved by the 
experiments of Dr. Percy, who found that when -animals are 
poisoned by alcohol introduced into the stomach, the coats of 
that organ become so thoroughly imbued with it through- 
out their whole thickness that no washing can remove it. 
He also found that the tissues remote from the stomach are 
impregnated in the same way when alcohol is 'ntroduced 
into the current of the circulation. The shrinking of the 
tissues and alteration of their chemical relations which thus 
takes place, must obviously disturb the natural series of 
operations upon which nutrition depends. 

615. How Alcohol affects the Blood, — ^The effects of alco- 
hol upon the blood are of a very marked and important char- 
acter. It possesses the power of preventing the coagulation 
of fibrine. When an animal has been killed by the injection 
of alcohol into its blood-vessels, the blood often remains fluid 
after death, or coagulates but very imperfectly. The pres- 
ence of alcohol in the blood is therefore an obstacle to nutri- 
tion, or to that vital process by which the solid substances of 
the fabric are organized or elaborated from the blood. Ac- 
cordingly, we have the testimony of physicians and surgeons 
that the nutritive and reparative powers of those who drink 
largely of spirituous liquors, in cases of wounds, ulcers, &c., 
are low. The heahng process in such is, as a general rule, 
less certain and active than in others. 

616. It disturbs the Natural Process of Oxidation, — 
Again, when alcohol is mingled with fresh arterial blood, the 
red corpuscles, as may be seen with the microscope, shrink. 

What is the eflbct of alcohol apon the blood ? What was the condition of th« 
animal killed by injecting it into its veins ? What is the action of alcohol in re> 
gard to nutrition ? How doea it aflbct the healing process in cases of wounda 
lloeni&c 



828 AHDCAL OHEMIBTEr. • 

and a portiDii of their contents is mmgled with the liquor 
sanguinis, while at the same time the fluid darkens in color^ 
80 as to give it more or less of the venous aspect ; and Bou- 
chardat found that when alcohol is introduced into the system 
in excess, precisely the same change takes place in the ar* 
teries — their contents become of a venous appearance. The 
cause of this change is the fact that the alcohol is more com- 
bustible than the ordinary constituents of the blood, and con- 
sequently rapidly attracts its oxygen and is burned to carbonic 
acid and water. By combustion, therefore, alcohol may be- 
come a source of heat in the body, but it is by arresting th$ 
natural processes of oxidation, upon which the vigor of the 
animal powers depends. Liebig observes, that ** by the use 
of alcohol a limit must rapidly be put to the change of mat- 
ter in certain parts of the body. The oxygen of the arterial 
blood, which in the absence of alcohol would have combined 
with the matter of the tissues, or with that formed by the 
metamorphosis of the tissues, now combines with the ele- 
ments of alcohol. The arterial blood becomes venous, without 
the substance of the muscles having taken any share in the 
transformation." 

617. It disturbs the Excretion of Carbonic Acid. — ^Dr. 
Prout discovered that alcoholic liquors possess, in a remark- 
able degree, the power of diminishing the amount of carbonic 
acid in the expired air, and that no sooner have their effects 
passed off than the proportion of carbonic acid exhaled rises 
much above the natural standard. The accumulation of car- 
bonic acid which thus takes place in the blood, and from 



Ilow does alcohol affect the red corpmcles of the blood ? ^tThat is the cause d 
this change ? How may alcohol become a sonrce of heat? How is the oxjfSBa ol 
the arterial blood diverted (torn its true oflBce ? 

How does alcohol aflRect the fcNmatioii and exhalation of cartx»ic addt Whil 
li the effect oi its accamolation ? 
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which the system cannot get relief, is probably a partial cause 
of that prostration, both of physical and mental power, which 
attends the advanced stages of intoxication. 

618. Effects of Alcohol upon the Nervous System. — ^But 
that pai-t of the body which is attacked most powerfully by 
alcohol is the nervous system. It has a stronger affinity for 
the nervous substance than for any other tissue, seeking it 
out, as it were, and combining with it in preference to any 
other substances. In this case, to the shrinking or corru- 
gating influence of alcohol upon the tissues must be added a . 
hardening effect, due to its power of coagulating albumen, of 
which nervous matter is largely composed. This selective 
power of alcohol, by which it fastens upon nervous matter, 
is at once proved by the fact that it has been found diluted 
in considerable quantity in the substance of the brain of ha- 
bitual inebriates. That so total a change as is thus produced 
in the nervous texture by this fiery compound should cause 
great derangement in its functions is what we might naturally 
expect, and what is abundantly shown by experience. 

619. It is a Stimulant. — The action of alcohol upon the 
nerves is that of a stimulant ; that is, it arouses or excites 
them to an imnatural degree of activity. This heightened 
action is communicated to the heart, which contracts with 
more force and rapidity, quickening the circulation, and thus 
exalting the functions of the body generally. As the influ- 
ence of the alcohol passes ofl* the powers of the body sink 
into an opposite state, the appetite and digestive powers are 
lowered in activity, the secretions are diminished, the spirits 
depressed, and the power of mental exertion for a time im- 
paired. 

What change does alcohol produce upon the nerves T How is it shown t 
What is its general effect? When its influence passes of^ what is the oonditiM 
■r the body? 
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620. Its Effect upon the Mind. — ^The alcoholic snmalus 
operates powerfully upon the brain, the organ of the mind. 
In very small quantities its effect is that of a moderate exci- 
tant ; there is an unusual rapidity of thought and vividness of 
ideas. In larger quantities the effect is different. It is not 
a uniform exaltation of the mental powers, but in some de- 
gree a perversion of them ; for that voluntary control over 
the current of thought which is the distinguishing character 
of the sane mind of man, is considerably weakened, so that 
the heightened imagination and enlivened fancy have more 
unrestricted exercise; and whilst ideas and images succeed 
each other in the mind with marvellous readiness, no single 
train of thought can be carried out with the same continuity 
as in a state of perfect sobriety. • This weakening of the vol- 
imtary control over the mental operations must be regarded, 
then, as an incipient stage of insanity. When a still larger 
quantity of alcoholic liquor is taken, the voluntary control 
over the direction of the thoughts is completely lost, and the 
excitement has more the character of deliriiun, or the office 
of the brain may be completely suspended in profoimd sleep 
or a condition of torpor. 

621. It affects different Parts of the Brain unequally. — 
As alcohol seizes upon the nervous system in preference to 
the other tissues, so also it appears to act with imequal in- 
tensity upon different parts of that system, making choice of 
certain regions of the brain, which are more affected by its 
stimulation than others. This is manifested by the unequal 
excitement produced upon different faculties of the mind. 
The imagination, those powers^ which ^ve rise to poetic cre- 
ations, to artistic combinations, and to sallies of wit and hu- 
mor, are aroused to a preternatural activity by the use of 

What oflisct does alcohol in small qnantitiefl produce upoo tho brain t In laivtf 
quanttUes ? In still larger quantities t 
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alcohol, while no such effect is observed upon the reasoning 
or reflecting powers. Indeed, that spontaneous mental ac- 
tivity which it ifl the tendency of alcohol to excite is unfavor- 
able to the exercise of the observing and purely reasoning 
faculties, or to the steady concentration of thought upon sub- 
jects of difficult or profound investigation, and accordingly 
we find that the greatest part of diat intellectual labor which 
has most extended the domain of himian knowledge has been 
performed by men of remarkable sobriety of habit, many 
of them having been constant water-drinkers. 

622. Injluence upon Life and Sanity, — The general con- 
sequences which follow from plying the brain and nervous 
system with this formidable stimulant, by which the equable 
course of nature is broken into a succession of alternate par- 
oxysms and prosti^ations, cannot but be of the most disastrous 
character. Men of a high order of genius, who are habitually 
addicted to the use of alcoholic hquors, frequently die at a 
very early age, from a premature exhaustion of nervous en- 
ergy. Bums, Byron, and Mozart are striking examples of 
this result. The relation between intemperance and insanity 
has been made a matter of inquiry in a large number of luna- 
tic asylums in Great Britain, where it has been established 
that from 15 to 60 per cent, of all the cases of insanity may 
be clearly traced to this cause. In a report on idiocy made 
to the Massachusetts Legislature, Dr. Howe states, "that 
the habits of the parents of 300 of the idiots were learned ; 
and 145, or nearly one-half, are reported as known to be ha- 
bitual drunkards." 

623. Spontaneous Combustion, — ^The human body, in its 



What faculties of mind are most excited by alcohol ? To what fiicaliiei la it un* 
fitrorable ? How does experience accord with this ? 

Nlai is said to be the general eflbct of an habitual use of this sobstance ? GIts 
vxamples. How is the connection between insanity and intemperance shown ? 
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natural state, is incombustible ; that is, it requires tlie additi(» 
of a considerable amount of fuel to reduce it to ashes. In« 
stances are, however, on record of its having taken fire, and 
been more or less completely consumed of itself. This phenom- 
enon is improperly termed spontaneous combustion, as there is 
no complete evidence of its having taken place without the 
application of external flame. They are more properly cases 
of unnatural combustibility of the body. Nearly all the in- 
stances that have occurred were those of ipirit-drinkers, and 
most of them old persons y^ho were fat. The cause of the 
phenomenon is probably connected with the imdue accumula- 
tion of phosphorus in the tissues, together with the presence 
of a large quantity of alcohoL The excessive accumulation 
of phosphorus in the body may be owing to the efifect of 
alcohol in preventing its oxidation (616) in the nervous 
matter. The fire, in these cases, is often commimicated by 
inflammable vapors contained in the breath. 

RELATION BETWEEN ANIMALS AND PLANTS, 

624. The act of respiration in animals completes that won- 
derful circle of organic life, in which mmeral matter is t^ken 
up by plants, organized and transferred to animals, by which 
its organization is.destroyed, and its elements returned again 
to the inorganic world. From the simplest materials — ^two 
gases (carbonic acid and ammonia), and one liquid (water), 
containing dissolved a few salts — ^that arch-chemist, the sun, 
through the agency of light and heat, creates the vast world 
of organization. Green vegetables constitute the laboratory 
in which this combinmg and constructive process is driven 

What l8 meant by spontaneoua oombastion ? How is it catued ? What maj 
cauae thia accamulation of phoephorua ? How la the flra oommnnicated ? 

From what, and by what, are Uie worlda of organizaticm created? What ia hU 
Id be the laboratory where thia woik if performed? 
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forward ; and the substances produced, although simple in 
composition, exhibit the infimte resources of nature in the 
endless vaiiety of their properties. 

625. Antagonism of Plants and Animals, — ^The plant hav- 
ing fulfilled its grand office, in a series of formative changes 
which result in orgamzation, the animal, which is formed en- 
tirely from matter thus organized, exhibits a series of com- 
pletely inverse phenomena. By the all-destroying activity 
of oxygen, operating through the respiratory mechanism, the 
work of the plant is imdone, the great function of the animal 
being performed through the breaking up of vital affinities, 
and the reduction of organized compounds to that condition 
of simplicity in which they are fitted again to serve for the 
nutrition of plants. In all their peculiar actions and eJOfects, 
plants and animals have a relation of distinct antagonism. 
Their movements take place in contrary directions, and by 
dififerent and hostile forces. The French chemists contrast 
the opposmg actions, in a very clear and pleasing way, as 
follows : 



THE VEGETABLE 

J>ltopnoEs the neutral nitrogenized 
substances, Mtj substances, su- 
gar, starch, and gum. 

Deooicposes carbonic acid, water, 
and ammoniacal salts. 

Dbengaoes ox>'gen. 

Absorbs heat and electrioitj. 

Is an apparatus of deozidation. 

Is stationary. 



THE ANIMAL 

CoNsuMBs the neutral nitrogenized 
substances, fatty substances, su- 
gar, starch, and gum. 

Pboduoes carbonic acid, water, and 
ammoniacal salts. 

Absorbs oxygen. 

Pboduoes heat and electricity. 

Is an apparatus of oxidation. 

Is locomotive. 



626. Circle of Organic Life. — ^The relations of the several 
departments of organic nature to each other, and to the in- 



What Is the office of tbe animal? What Is the relatioa of plants and animals t 
Bow is this shown in the table ? 
Whal does ttie diagram iUustntst WhatiaialdortlMiBQffBiilowQridt Whil 
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organic world, may perhaps be made clear by the aid of a 
diagram. The direction of the arrows indicates the com'se 
of matter. From the inorganic world, directly or indirectly, 
all livmg things originate, and to it they all return. From 
the mineral world, matter can pass only to the vegetable 
kingdom. A part of this returns by natural decay to the 
inorganic world, while another portion is consumed by herbiv- 
orous animals, and forms the fabric of their bodies. Some 
of the herbivorous animals die, are decomposed, and fall 
back into inorganic nature, while others are devoured by 
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carmvorous animals, and .converted into their structure. The 
camivora in their turn perish, rot, and are dissolved, like the 
rest, into gases and earthy elements. Such is the mysterious 
round of organization of which this globe is the scene. It 
consists of an eternal cycle — an ever-recurring series of 
changes, in which destruction is co-ordinate with creation, 
and the contest between life and death is a drawn-battle. 

fi the direction of matter from the mineral world ? From the y^fetable worid what 
direction does it take? What is its course from herbivoroiu animals f From tbt 
•omiTora? What is said of this prodeas? 
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627. Relation of Plants and Animals to the Ancient At- 
mosphere, — It has been infeiTcd, from geological considera- 
tions, that the present harmonious adjustment between the 
two great orders of organized beings has not existed from 
the period of their first advent upon the globe. At the time 
of the deposit of the coal, there is no evidence of the exist- 
ence of land, or air-breathing animals, upon the earth : their 
remains are not to be found, either in this or any of the pre- 
ceding geological formations. But vegetation at this time 
had made great progress, as the existence of the coal-beds 
proves (357). It is supposed that the excessive growth of 
vegetation which then took place, and the total absence of 
air-breathing animals, are to be accounted for by the same 
fact — namely, a vastly larger proportion of carbonic acid in 
the atmosphere than exists in it now. If such were the 
case, the higher animals certainly could not live, while the 
condition must have been favorable for a luxuriant develop- 
ment of plants. 

628. Stability cf the Atmosphere. — But when the atmos- 
phere was partially purged of its poisonous element, by the 
withdrawal of that portion of its carbon which was deposited 
in the earth as coal, the cold-blooded reptiles made their 
appearance upon the earth ; which, from their sluggish cir- 
culation and imperfect respiration (564), may live without 
inconvenience in an atmosphere highly charged with im- 
purities. As the growth of vegetation continued, which is 
shown by later deposits of brown coal (lignite), the atmos- 
phere gradually became more pure, and was at length fitted 
for the reception of the higher warm-blooded animals. But 

Has the present order of things always existed? Wliat was the condition of 
things at the time of the coal deposit? How is it accounted for ? 

How was the atmosphere gradoaUy purified and prepared for the presence of the 
higher animals ? Is it now subject to mutation ? Upon what does its permoneiiM 
deipend? 
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to whatever oxtent the eaiih's atmospbere may hare been 
sabjeci to mutation in the earlier epochs ci its history, we 
have the clearest cridence that, in relation to plants and 
animals, its constitution is now ci the most stable nature. 
Its permanence ' depends upon a great principle of self- 
adjustment, which springs from the relations of the two 
worlds of organization; so that no fatal disturbance can 
occur, unless the present order of things is subyerted by a 
direct intcnrention of the ALnighty WilL 
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Lime, 117 

*♦ Hytlrateot 118 

** inMortar, 119 

« inSoils, 120 

Madder, 240 

Magnesium, 121 

Magnesia, 121 

Manganese, ..135 

Margarine, 209 

Mastication, 258 

Mercury, 139 

Mica, 157 

Milk, 284 

** curdlingof, 286 

** preservation o^ 288 

Milk-sugar, 286 

Minerals, 116 

NascentState, 35 

N itrogen 73 

Nitrous Oxide, 75 

Nitrate of Potash, 150 

** ofSoda, 151 

Nomenclature, 40 

NutriUon, 276 

Oils, fixed and volatile, 207 

'^ why inflammable, 210 

^ as a preservative, 212 

** drying, 213 

** unctuous, 215 

Oil, Castor, 215 

** Croton, 215 

« Hempseed, 215 

(' Linseed, 213 

** NeatVfoot, 217 

*• Olive, 216 

« Palm, 217 

* Poppy, 215 

<* Spermaceti, 210 

«* Train, 218 

« Wahiut, 214 

Oils, volatile, 226 

Oil of Bergamot, 229 

•* BlackPepper, 228 

*^ Lavender, 229 

^ Lemons, 228 

** Juniper, 229 

^ Orange-peel, 229 

** Peppermint, 229 

*« Turpentine, S38 
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Olelne, 208 
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Oxidation, 54, 58 
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Phosphorus, Ill 
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Phosphuretted Hydrogen, 114 

Platinum, 140 

Phosphate of Soda, 152 
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Poisons, action of upon the System,. .324 

Polarity of Atoms, 37 

Potassium, ..115 

Potash, 115 

Precipitation, 47 
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Proximate Principles, 163 
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Resins, 230 

Respiration, 289 

** ofFlshes, 290 

<« of Whales, 293 

« oflnsects, 293 

<• ofRepUles, 293 

<* byLungs, 293 

Safety Lamp, 103 

Sago, 185 

Salt, effect of upon Meat, 257 

Salts, 143 

Sanguification, • 271 

Secretions, 283 

Serpentine, 156 

Hilica, 124 

Silicon, 123 

Silicates, artifldal, 158 

SUver, 140 

Sleep, necee^ of, 308 

Snow-flakes, - 83 

Soda, 117 

Soap, production of, 231 

^ composition of; 233 

*^ value of, 223 

« properties oi; 234 

** action of in cleansing, 324 

Sodium, 116 

Solution, 47 

Soup, best method of preparing, 356 

Specific Gravity, ..., 46 

Starch, 183 

Stearine, 309 

Steel, 133 

Stomach, form and size of, 96! 

** structure of, 269 

« mottoMoi; 304 
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Synthesis, 84 
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OF THB OLASS-BOOK OF OHBMTSTRY« 

From their. T, Commercial AdverUMr, 

Either for schools or for general reading we know of no elementaiy woik 
ID Chemistry which in every respect pleases ns so much as this. 

I^rom the AlMon. 

A remarkably interesting and thoroughly popular work on Chemistry, re* 
commended to the general reader by the deamess of its style, and its freedom 
from technicalities. 

J^&m ih6 BoBton Common School Jowmak 

We consider this Chart a great simplification of a somewhat conftised rab- 
ect ; and wo welcome it as another snccessftil attempt, not only to simplify 
truth, but to fix it In the mind by the assistance of the eye. If we were 
called to teach the elements of chemistry in a school-room, we should be yery 
unwilling to lose the valuable assistance of this ingenious chart 

^ FromfheKaUonallnielUgencer, 

Besides the ftilness with which this work treats of the chemistry of agri- 
culture and the arts, we regard it as chiefiy valuable for the clear account it 
ffives of the action of chemical agents upon the greatly varied functions of life. 
It is very elementary and practical ; and whether for the use of schools or of 
private Ubruies, it is an appropriate because an instructive and entertaining 
Book. 

From th6 SdsttUJlo Amsriean. 

Such a book fn the present state of chemical science was demanded, but to 
present the subject In such a clear, comprehensive manner, in a work of the 
size before us, is more than we expected. The author has happily succeeded 
in clothing his ideas in plain language— true eloquence— so as to render th« 
subject both interesting and easily comprehended. The number of men who 
can write on science, and write clearly. Is small ; but our author is among VuX 
number. 

From tJie Farmer and Meehanie. 

A Class-Book of Chemistry for the use of beginners and young students, 
which should be divested as much as possible of its tedious techniodities and 
dry repulsiveness, so often attending their first efforts in this important study, 
has long been a desideratum. To supply this need, the present volume la 
fiilly adequate. It is designed as a popular introduction to the study of this 
beautifbl science, and presents it in such a manner as to win the attention and 
tngage the interest 

OF Tims OBEMIOAL OHAHT. 

From HoBAox Maiw, President ofAnUodh CoUege, 

Thave been hiehly delighted bv inspecting a Chart, shown to me by Mr. E. 
L. Yonmans, of New York, the object of which is to represent the ratios in 
which chemical atoms are combined to form compound bodies. The different 
atoms are represented by square diagrams of dinerent colors ; and then th« 
compounds exhibit the exact number or numbers of the respective atom* 
that unite to form them, each atom retaining its original color. Thus the ey« 
of the learner aids his memmy; and as the eye, in regard to all ol()Kts hat 



TESmCONIAIiS. 

Ing term tad eolor, eu team a himdred things hj Inspeetioii, wbfle the ear li 
learning one by description, so, when materi^ objeet& too minute to be seen, 
er too intimately combined to be distinsuiahed, can be represented by form 
and color, the same great advantage is obtained. The power of the learner is 
moltinlied, simply by an exhibition of the object, or its representative, to a 
tapenor sense. 

I think Mr. Youmans is entitled to great credit for the preparation of his 
Chart, becaose its nse will not only fkdlitate acquisition, but, what is of far 
greater importance, will increase the exactness and precision of the student's 
•lementary ideas. 

J'rwn Dr. Jomr W. Dkafkb, Froftwor of Chsmietry in ih6 Vnheratty qf 

If&u) York, 

Mr. Youmans^ Chart seems to me well adapted to communicate to beein- 
ners a knowledge of the definite combinations of chemical substances, and as 
preliminary to the nse of symbols, to aid them very much In recollecting the 
examples it contains. It deserves to be introduced into the schools. 

Fnmt Jaxmb B. Bogkbs, PrqfesaorofChsmUtryin Ihe UnivertUy qfrenn- 

gylwmia. 

We cordially subscribe to the opinion of Professor Draper concerning th^^ 
value to beginners of Mr. Younum/s Chemical Chiurt ^^ 

Jomr ToKBXY, 
Prqfestor of CTiemitAry in ths CoUMe o/Fhy9ici€mi 
and Swrge<ms, If&ui York. 

WILLIAM JL Ellst, 
LaUPrqfe89or qfChtnvmry in (Columbia College, 8. CI 

JaMIS 9* BODOEBS. 

Pr^eaaor qfCTiemittry in th6 Vhiverei^ o/FennsylvaniOm 

From Alokzo Pottkb, IX.D., Philadelphia. 

The conception embodied in Mr. Youman's Chemical Chart strikes me as 
ft very happy and usefol one, and the execution is evidently the firuit of much 
care and sk(ll. I should think its introduction into schools, in connectios 
with the study of the first principles of Chemistry, was much to be desired. 

From Dr. Bobebt Habx. 

I concur in thinking fitvorably of Mr. Youmans* Chemical Chart The 
design is excellent, and as far as I have had time to examine the execution, I 
entertain the impression that it is well done. 

From BmrjAMnr Silldcak, LL.D., Prof, of Chemistry at Yale CoUeffe. 

I have hastily examined Mr. Youmans* new Chemical Diagrams, or Chart 
of chemical combinations by the union of the elements in atomic proportions. 
The design appears to be an excellent one. 

From "W. F. Hopkins, Professor of Natural and Eitperimenial Philosophy 
in the U. 8. KoAoal Academy, Annapolis, Md, 

Mr. Youmans* Chemical Chart is admirably adapted to assist the teacher 
in communicating, and the learner in receiving, correct notions of the laws of 
chemical combination. I commend it to the patronage of schools and acadC' 
mies where chemistry is taught, and shall immediately introduce it into the 
institution with which I am connected. 

From Pbop. Geat, AtUhorof Teod-Boohs on Natural Philosophy, Ch^mi^ry 

and Geology. 

Mr. Youmans* Chart presents to the eye a clearer view of the manner in 
which the atoms of chemical compounds are united, than could be gained by 
the most labored description. * ♦ ♦ • 

It would be especially useftil to institutions not ftimlshed with chemical 
m»paratus. 



TESTIMONIAXS. 

gyam J08IPB HoKEEir, SuperinUnderU of Common Schools in JTew Tof%n 

I have been greatly pleased with an examination of a Chart of elementary 
Chemistry, by Mr. Youmans. It seems to me that it so simplifies the subject, 
that pupils in the best classes in our common schools may acquire from a few 
lessons, with its aid, more knowledge of the laws and principles of this 
science, than from months of study without such means of illustration. I 
know of no other chart like this ; and as by its means Chemistry may now be 
taught with the same &cility as geography or astronomy, I would earnestly 
tommend it to the attention of schooLcommittees, teachers, and learners. 

I^rom Jab. B. Chilton, M.D., Chemist 

I have examined the Chemical Chart of Mr. E. L. Youmans, and am much 

ftleased to say that it is a valuable means of readily imparting a correct know- 
edge of the nature of chemical combinations. A variety or compounds are 
dissected, so as to show at a glance their ultimate atomic constitution, in such 
a way as to impress it more forcibly upon the mind than could be effected by 
any other method with which I am acquainted. To those who are studying 
to obtain a knowledge of elementary and agricultural chemistry, as well as 
to all learners of chemical science, Mr. Youmans* Chart will render easily 
understood what might otherwise appear very difficult. 

I^om Dr. Thomas Antibell, Prof, of Chemistry in the Vermont MediocU 

College, 

Mr. Youmans* Chart is got up in a style which renders it a neat apppend* 
age to the lecture-room, and wherever Chemistry is taught in schools and 
public institutions, it will be found an invaluable assistant to both teacher 
and puplL 

OF THIS ATLAS OF OBEMISTRT. 

Every one who has studied Chemistry, will remember the many perplex- 
ing hours spent in try^ing to fix in the memory the component parts of various 
compounds. To us, it was a most irksome and disagreeable uisk. Had Mr. 
Youmans* book been placed in our hands, wo are certain that we could have 
mastered our lessons with much less than one fourth of the labor we were 
obliged to bestow. We call this in all respects a model book. — Clevelcmd 
Platndealer* 

Here we have science in pictures — chemistry in diagrams— eye-dissections 
of all the common forms of matter around us ; the chemical composition and 
properties of all familiar objects illustrated to the most impressible of our 
senses by the aid of colors. This is a beautiful book, and as useful as it is 
beautiftiL Mr. Youmans has hit upon a happy method of simplifying and 
bringing out the profoundest abstractions of science, so that they £Eill within 
the clear comprehension of children. — Home Journal. 

The author was lead to the construction of his plan by noticing the defects 
of the abstract method by which the science is usually taught in books. 
Laboring under the disability of blindness, while pursuing his own studies, he 
became deeply impressed with the importance of visual demonstration in ob- 
taining a knowledge of physical phenomena. We do not hesitate to sify that 
no method has come under our notice, by which the beginner in Chemistry 
can be so effectually «nd so agreeably initiated into the rudiments of the 
science as by the process made use of in this volume. — Iliurpera* Magoudne, 

An excellent idea, well carried out The style is lucid and happy, the 
definitions concise ahd clear, and the illustrations felicitous and appropriate. 
—Utica Morning Herald, 

We have devoted some little time in looking over this Atlas, and compar- 
ing its relative merits with similar treatises heretofore published, and feel 
bound to accord to it the highest degree of approbation ana fayor. — Lav>renc4 
Sentinel 



TIdf flMthod of viiaff fh* tj* in eduMtion, thoai^ Mi Um rvnl toad If. 
ImwtodM. IbtmIIt th« p«op]«*t nilrcMid— • idmiis of mtIos both tSme n4 
Itbor. tIim work is worth lor aetnal instmetion In eommoB schools temors 
thsn a set of apparstos, which the teadier mi^t not be able to use, whll* 
erenr one can leach ftxmi the Atlas. Wo pronounce It, without excratiooi, 
the best popular work on Chemistrr in the English language.— Xi/Si lBm»- 
iraUd. 

Mr. Tonmans is not a mere routine teacher offals ikyorite science; he hai 
Ut upon novel and elTectire methods for the illustration of its principles. In 
his writings, as well as his lectures, he b distinguished for the comprehenaiTe 
order of his statements, bis symmetrical arrangement of scientific foots, and 
the happy manner in which he addresses the intellect through the medium 
of oeuuu' demonstration. In this last req>ect, his method is both original 
•nd singularly ingenious.— J^. T, TribwM, 

p With this plan a vast amount ot information is attainable by mere inspec- 
tion. In a manufocturing communiU' like ours, chemistry should be stuoied 
by^oung and old, and in the works <n Mr. Youmans the science is presented 
la \t» most attractive and useftd farmj—IftfUHJrk Daily AdvsrtUer, 

Mr. Toumans handles his subject in a simple, yet masterly style, and w» 
consider his Atlas unequalled in its simplid^ and adaptation to the wants of 
both teacher and pupiL-^J^. T. Sun. 

If we were asked by a young lover of science what work we would recom* 
mend as an introduction to the interesting science of Chemistry, we would 
most confidently name this of Mr. Youmans. Among all the works upon this 
part of natural science which have of late years been published, we do not 
know of one which presents its principles so briefly and vet so dearlv. It ia 
also a happy idea to apply to Chemidtoy the method of diagrams, wnich has 
fucceeded so well in tno c(wnate scienoe& and it is a wonder that some of our 
great ones did not sooner think of It. We are not at all surprised that so 
many profossors and principals of academies should have spoken so fovorably 
of it, for were we a pcofossor, we. would discard eve^ other daas-book on 
the subject in order to adopt this without delay. * * If there be any thing, 
however, that should please us as religious reviewers more than all uie res^ 
we could easily find in it the spirit that continually, without any eflbrt, raisef 
the anthor^s mind **from Katore up to Naturals God." It is ezceedingli 
cratUying to see this manifosted by one who Is certainly no ignoramus, an4 
the contrast it affords to the conduct of so many of our seientffio men who 
are beginning to ape the skepticism and philosophism of Europe, is an honor 
to Mr. Youmans, of which he may be prouder than even hla great chemical 
kaowljdge.— Jfe^rc^poMtofi Magadns^ {fidlUuwrt^ 



Natural Science. 



Analytical Class-jBook of Botany. 

BY FRANCES H. GREEN. 

f ABT I.— ELEMBHTTS OF TBOETABLX BTBUCTirBE AITD PHTSIOLOST. PAST TL — 8T8TXX- 
ATIC BOTANY. TO WHICH IS ADDED A COMPENDIOUS FLOBA OF THE NOBTUEBH 
AND MIDDLE STATES ; WITH DESCBIPTIONS OF MORE THAN ONE THOUSAND DUTSM- 

ENT species: by Jos. W. Conodon. 

ninstrated Quarto. 228 Pages. Price $1 50. 



Primary Class-Book of Botany. 

OPPOSED FROM THE FIRST PART OF THE ANALYTICAL CLASS-BOOK, 
AND DESIGNED FOR THE USE OF COMMON SCHOOLS AND FAMILIES. 

Illustrated Quarto. 102 Pages. Price 75 Cents. 

The style is simple, concise, and intelligible ; and what has for- 
merly been considered dark and forbidding, is here rendered both 
clear and interesting. The whole life of the plant, beginning with 
the formation of the first cell, is portrayed with that vivid and 
quickening power which invests it with the interest of a real biog- 
raphy. Here we find not merely a dry assemblage of dry fiicts, 
but the plant seems to unfold itself, part by part, with a kind of 
individual life and character. 

The work is illustrated with 400 well-executed, wood-cuts. Most 
of these are arranged in 29 plate-pages^ which are designed to be 
used for regular exercises and recitations, the same as maps in geog- 
raphy. They furnish a recapitulation of the Lessons of the Text in 
a new form, and addressed to another sense, thus awakening the 
most lively and permanent impressions. 

Part II. is distinguished by the simplicity and directness of the 
whole structure, the clearness of the synopsis, the comprehensive- 
ness and popular character of the descriptions, the nice distinctions 
observed between nearly allied species, and the high degree of cer- 
tainty and perfection in the peculiar form of analysis. The descrip- 
tions of the Natural Orders are illustrated by fifty elegant wood« 
tuts, drawn from nature. 



Works on Book-Eeeping. 



I. THE NEW COURSE OF BOOK-KEEPING BT SIN6I«E 

ENTBIT* Improved by the Intboduotion of the Pboof of Balance. 

BY C. C. MARSH. 
New Edition, Printed in Colors. 8vo. 142 Pages. Price 75 eents. ' 

SAME WOBK IN SPANISH. See page 94 

II. C017B8E OF BOOK-KEEPING BT BOUBI^E ENTBT. 

BY C. C. MARSH. 

Printed in Ckdors; Bound in Mnslin and Gilt 8vo. 220 Pages. Price $125. 

SAME WOEK IN SPANISH. See page 94 

in. BliANK-BOOKS IN SETS, FOR PRACTICE OF BOOM^ 

KEEPING* A VERY NEAT AND APPROPRIATE SeT OF BLANE-Boiy 
FOR EACH OF THE ABOVE WORKS, GOT UP EXPRESSLY FOR THE T7SE OF Pv- 

piLs IN Book-keeping. Six Books to each Set. Superior Paper. 
With Instructions. 

Price per Set, 75 cents. 

The first of tbo above works embraces a thorough course of in- 
struction in keeping books by Single Entry. It is particularly 
adapted to schools. 

The Double Entry Coiyrse contains a complete set of account- 
books and mercantile forms, with an Original Diagram indicating 
the relation the books bear to each other, and that their records 
passing from one to another terminate in the Ledger ; and ninety 
pages of familiar explanations, dated to apply directly to the entries 
and transactions in the account-books ; idso thirteen pages of Mer- 
cantile Calculations — Discount and Interest, Insurance, Equation of 
Payments, Exchanges, &c. It is admirably adapted for advanced 
classes, private instruction, and counting-houses. 

nr. THx: tbeeobt and practice of bank book- 
keeping, AND JOIN1VSTOCK ACC017NTS. Exeupli- 
TIED AND Elucidated in a Complete Set of Accounts, printed in 
Colors, Arranged in Accordance with the Principles of Double 
Entry, and embracing the Routine of Business from the Organiza- 
tion OF A Company to the Declaration of a Dividend, with all the 
Forms and Details, and an Original Diagram. 

BY C. C. MARSH. 

1 voL, qnarto, 300 Pages, pablished in the best style, bound in gilt, Price $4. 

This is the first and only work published in this country, or in 
Europe, devoted exclusively to keeping books in Banks and Joint- 
stock dompanies. 



THE SERIES COMPLETED 

PEBFEOTED EDITIONS 

OF 

Webfter's Dictionaries, 

FOR 

SCHOOLS AND EDUCATIONAL INSTITTJTIONS OF EVEET 0BADB, Al 
WELL AS FAMILIES AND 6ENEBAL USE. 

WEBSTER'S FOGEET DICIIOIf ABY, Diamond^ 82mo. Prices 40 ots. and 75 ete 
WEBSTER'S FBUCABY SCHOOL DIGTIONABY, 804 pp., 16mo. Prioe 40 eti. 

€STEB'S COMMON SCHOOL DICTIONABY, 820 pp., 12mo. Price 60 cti. 
BTEB'S HIOH SCHOOL DICnOITASYy 850 pp^ 12mo. Price 80 ots. 
STEB'S ACADEMIC DICnONABY, 472 pp., cap 4to. Price $1 20. 
WEBSTER'S C0I7NTING-H0TTSE AND FAMILY DIGnONARY, C23 pp^ 
Imperial 12mo. Price $1 60. 

The publishers haye now the pleasure of presenting the ahridgments of TTehsterli 
American Dictionary in a careftdlv revised, srreatly improved, and, as nearly as pos- 
aible, perfected form. The series is rendered complete, and made to include a MMk 
just suited to every purpose for which an abridgment of the complete work can bt 
desired, by the introduction of two new books, viz. : The Common School Dictionary 
intermediate between the Primary School and the High School ; and the Connting- 
Ilouse and Family Dictionary, a much more full and comprehensive abridgment than 
we have before offered. The other books in the series have also been most careAiUr 
' revised, and the new abridgments prepared, by and under the direction of Prof G. E. 
Goodrich and Mr. Wm. G. Webster, with assistance from other most competent 
sources, no pains having been spared to remove any, however slight, grounds for rea- 
sonable objection which may have existed to the books in the old form, and to render 
them as nearly perfect as possible, and yet more worthy the high position they oconpy 
as the 

STINDIRI) BienOKiEIES OF THE ENCXJSH LANGriGE, 

preyed to be snch by a sale many times greater than that of all otiier dlctlonarlei 
published in America combined, and acknowledged such by our Courts of Jnstioei at 
well as the people at large. 

The old stereotype plates having been mnch worn by the Immense numbers of 
books printed from them, the occasion has been embraced, to make the very thorongh 
levision and improvement now completed. All the books in the series are now 
printod, therefore, on 

ENTIRELY NEW ELECTROTYPE PLATES, ^ 

and are uniform in Definitions, Orthography, Orthoepy, &o. 

It is deemed unnecessary to enlarge upon the claims of these well-known stand- 
ard works. LiteraMy thousands of testimonials to tibeir superiority to all others art 
n the hands of the publi8hei|L from the most eminent educational and literary men 
n all parts of the country. From year to year their sale is steadily and rapiuly in- 
ereasing. It is believed that the mere increase in the sale of these abridgments tht 
present year, will be greater than the entire combined sale of all other AmerioM 
ulcUonaries. 

PUBI^inBUBD BT SEASON BROTKBBSf NEW VOBK. 

VOB SALS BT BOOSBBLLIBS lOHlBAUiT. 



*'Get the Best/^ 

Webster's Quarto Dictionary. 

UNABRIDGED. — SOLD BT ALL BOOKSELLERS. 



PUBLISHED BY 



C. & G. MERRIAM, SPRINGFIELD, MASS. 
From, Dakisl Webster. 



I possess many Dictionaries, and of most of the learned and cultivated langnaget^ 
ancient and modem; but I ^ — *n^ _ ^ 



I am 



entirely 
equipped in tbu 
bout Dr. 



Webster 





whica £ J 

!Xd l>2 /:^ / 

itmost / 



never feel that 
armed and 
respect, without 
At command. 

From EuFus CnoAXE. 
Messrs. G. h.. C Mcrriam: — Gentlemen, I havo just had the honor of receivinc 
the noble volume in which " 

you and the great lezi( 
pher, and the accomplished 
reviser, unite your labors to 
*^bid the lanij^nage live.'* 
accept it with the highest 
pride and pleasure, and beg 
to adopt in its utmost 
strength and extent, the testimonial of Daniel Webster. 

From John C. Spencrb. 
Unquestionably the very best Dictionary of our language extant Its gjeat ac- 
curacy in the definition and derivation of 
words, gives it an authority that no other 
work on the subject possesses. It is con- 
stantly cited and relied on in our Courts 
of Justice, in our legislative bodies, and in 
public discussions, as entirely conclusive. 

From Elihu BuRBrrx. 
Webster^s great Dictionary may be regarded as bearing the same relation to tlie 
English language which Newton's ^'-Prin- 
cipid'^ does to the sublime science 
Natural Philosophy. 



T BUBBITT. 

.^^arded as beari^^ ...^ „...^^, .«...»>,.. .^ ,^w 

From President HoPKnro, WUUama College. 
There Is no American scholar who does not feel proud of the labors of Dr. Web- 
ster as the pioneer of lex- yr. >^ ^ J ^ Xx^""'''/^ 

readily admit the great and xj — "^ f 

distinctive merits of his Dictionary. 

From JoHK G. Whittibb. 



The best and safest guide 
of the students of our lan- 
guage. 




Of the book itself 1 
hear but one opinion from 
all around me, and do but 
echo the universal voice in 
expressing my approval of 
its great worth, and my 
belief that it has rendered 
any fhrtSiw XMfl«reh, or 
even ImpTonnnent in our 
time, nnneoBBSo^ in its 
department of ininmotioa. 



From FiTZ Gsesnb Hallsok. 
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